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@ Immunoamplifiers and related Compositions. 

© Materials are described that nonspecifically amplify the 
immune response of a person or mammal to antigens to 
which the person or mammal was previously or is concomi- 
tantly exposed. The materials are low M.W. polypeptides 
and derivatives thereof. Also described are methods and 
pharmaceutical compositions for the use of the materials in 
reconstituting immune system function in persons suffering 
from hypoimmune conditions such as AIDS and ARC, and in 
correcting other immune deficiency imbalances such as 
that seen in rheumatoid arthritis. 

Materials of particular interest are a dipeptide contain- 
ing Tyr-Gly, a tripeptide containing Tyr-Gly-Gly, and deriva- 
tives thereof. 

High pressure liquid chromatography processes are 
described for the extraction and purification of said mate- 
rials, from leukocyte dlaiysates derived from human white 
blood cells. A process for purification of synthetically-de- 
rived such material is also described. 
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IMMUNOAMPLIFIERS AND RELATED COMPOSITIONS 

This application is based on U.S. Pat. App. Ser. Nos. 813,632 
("Tripeptides affecting immune response 11 )., filed December 26, 
1985, and 902,683 ( ,f Immunoamplif iers and related compositions 11 ), 
filed September 2, 1986. Convention priority is claimed as to 
such dates with regard to the subject matter hereof, which is de- 
scribed in such applications. 

BACKGROUND OF THE INVENTION 

This invention concerns cell-mediated immunity and pathologi- 
cal conditions associated with a deficiency in cell-mediated immu- 
nity. Such conditions include the Acquired Immune Deficiency Syn- 
drome (AIDS), caused by the Human Immunodeficiency Virus, and 
AIDS-Related Complex (ARC) . 

A typical manifestation of cell-mediated immunity is the de- 
layed hypersensitivity (DH) skin reaction. A DH skin reaction 
occurs when an appropriate antigen is injected subcutaneously . 
Within 24 to 48 hours, local inflammation (erythema) and a swell- 
ing and thickening (induration) are observed in a sensitive in- 
dividual. The DH reaction typically involves perivascular inf- 
iltration of lymphocytes and monocytes in the inflamed area. The 
cells seen at the site of a DH reaction are derived from the peri- 
pheral blood leukocyte (PBL) population. 

Other reactions of the cells which mediate the immune re- 
sponse to a challenge from an antigen include the following, among 
others: proliferation of cells bearing specific sensitivity to a 
given antigen; induction and multiplication of cells mediating a 
variety of immune functions, including antibody production; and 
reactions against foreign cells and tumors. 

The present invention relates to the discovery of (1) pro- 
cesses for extracting n amplif iers 11 of the immunity system, which 
are isolated from dialyzed extracts of leukocytes, and (2) the am- 
plifiers themselves that are so extracted (claimed herein together 
with pharmaceutical compositions containing them and methods of 
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using them)- These amplifiers profoundly affect the quality and. 
quantity of cell-mediated immunity responses; are useful in the 
treatment of a variety of clinical conditions characterized by in- 
adequate reaction to antigens; are useful in the alleviation of 
certain anergic conditions ; and are useful in the treatment of 
certain autoimmune conditions • 

Background relevant to the instant application is found in 
the present inventor's U.S. Patent No. 4,468,379, issued August 
28, 1984 (hereinafter referred to as the '379 patent). Other 
useful background is found in the inventor's EPO application 
85110104.8, published with EPO pub. no. 0173889 (12.03.86). 

The prior art in this field is discussed in the f 379 patent. 
That discussion is incorporated herein by reference. 

Much of the prior art concerns, the so-called "transfer fac 7 
tor," a product very different from the subject matter of this in- 
vention and in some ways antithetical in concept thereto. The 
concept of "transfer factor" is as follows: A "transfer factor" 
preparation is made from leukocytes of a donor known to be sensi- 
tive to a given antigen. The preparation is injected subcutane- 
ously into the skin of a recipient known to be insensitive to the 
given antigen. Subsequently the recipient is challenged with the 
given antigen. A a Dfl response is then observed. Normally, the 
recipient, in the absence of the injected "transfer factor" prepa- 
ration, would have been unresponsive to the challenge from the 
given antigen. 

Progress in fractionating and characterizing "transfer fac- 
tor" preparations has been impeded by an almost total lack of as- 
sociated structural or chemical criteria. It is unclear whether 
the term "transfer factor" is used to refer to a single biochemi- 
cal entity or rather to a mixture of materials of various kinds . 
The inventor believes that such preparations typically contain 
various different molecules and entities. 

Amplifiers . An amplifier (also termed at times "iramunoampli- 
fier") is any substance or material that amplifies the onset, or 
rate or intensity, of the immune response of a human or animal to 
the reintroduction of an antigen to which the human or animal has 
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previously been exposed. Hence, "amplifier" activity may be con- 
sidered that specific immune system activity characterized, in 
general terms, by the production of a greater than normal immune 
response (faster or stronger, or both) in a recipient, following 
injection of an antigen to which the recipient is already sen- 
sitive. 

The term "amplifier 11 is used, at times herein, as a noun or 
an adjective, to describe biologic agents or materials. Such ma- 
terial may also contain extraneous material without amplifier ac- 
tivity. The term "material" is used herein to describe composi- 
tions of matter that are or may be mixtures of different molecular 
species. 

Amplifier material is useful in the treatment of anergic con- 
ditions and conditions of immune deficiency, both local and sys- 
temic, as AIDS and related conditions. The inventor has also dis- 
covered that amplifier material is useful in the treatment of 
autoimmune disorders, as disclosed in pending U.S. Pat. App. Ser. 
No. 848,210 ("Treatment of autoimmune disorders with imrauno- 
amplifiers") , filed April 4, 1986. 

Amplifiers are not transfer factors, and transfer factors are 
not amplifiers, as defined above. First, the effect of a transfer 
factor is observed in a recipient who has not previously been ex- 
posed to a given antigen, while the effect of an amplifier is ob- 
served only upon or following reintroduct ion of an antigen to 
which the recipient was previously (or is concurrently) exposed. 
Furthermore, transfer factor effects are specific with respect to 
a given antigen, but amplifiers exert non-specific effects with 
respect to any antigen to which the recipient was previously 
exposed. 

In the f 379 patent, processes for the extraction of, among 
other things, six amplifiers (designated amplifiers 1-6) were de- 
scribed. The processes were based on high-pressure reverse-phase 
liquid chromatography (HPLC) , using an ethanol-in-water gradient 
and octadecylsilane as the basic chromatography system. Various 
amplifiers elute at specified parts of the ethanol-in-water gra- 
dient, and can be identified in terms of the ethanol concentration 
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of the material ( u ef fluent") coming off the chromatography column 
(a physical or chemical property termed "O.S. elutability") . 

SUMMARY OF THE INVENTION 

The inventor has discovered additional processes for the ex- 
traction of amplifiers, and has -discovered amplifier materials 
that can be extracted from leukocyte preparations by such pro- 
cesses- One chromatography system of the instant invention uses 
acetonitrile-phosphate aqueous gradients, and permits the isola- 
tion of approximately four to seven amplifier materials. Other 
chromatography systems are also disclosed hereinafter - 

A significant advantage of the newly discovered processes is 
the elimination of the need for some of the steps of the original 
process and the easier and perhaps more effective extraction pro- 
cesses now provided, which allow a much more economical manufac- 
ture of amplifiers and much greater volume of production. Also, 
the apparent greater purity of the products of the newer processes 
disclosed herein and the further elimination of extraneous materi- 
al from them gives them an important advantage, since the products 
of these processes are intended for medical use. Uses and compo- 
sitions for using the foregoing amplifier materials are also dis- 
closed. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph of 210 nm ultraviolet absorption of the 
effluent as it elutes from the HPLC column in the pH 5 extraction 
process of Example 4, The vertical axis represents absorbance 
units (full scale = 0,32 units), and the horizontal axis repre- 
sents time (2 minutes /divis ion) . The fractions of effluent ma- 
terial are identified by name (Greek letters such as Beta) . 

Figures 1A through 1C are similar graphs, where the flow rate 
in the HPLC column is varied. 

Figure 2 is a similar graph for the purification process of 
Example 5, on Material Beta. Figures 2A and 2B are similar graphs 
with respect to Material Zeta and Material Eta, respectively. 

Figure 3 is a similar graph for the pH 2.5 extraction process 
of Example 6 . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the following discussion, procedures are described in 
which materials were obtained from human donors and test measure- 
ments were made on human recipients. The procedures and reagents 
were chosen to provide sterile and non-toxic products for human 
treatment. Despite the toxicity of the solvent acetonitrile 
(CH^CN), which is used in the extraction process for these mate- 
rials, the end products of the processes are free of acetonitrile 
and they are nontoxic. 

I. Extraction of Small M.W- Fractions 

The initial step in the preparation of the modulator material 
of this invention is preparation of leukocyte pellets, followed by 
separation of the small M.W. (under 3500) fractions of leukocyte 
extract of interest herein. 

EXAMPLE 1 -- Preparation and 
Filtration of Leukocyte Extracts 

Leukocyte pellets were prepared by the methods 
of Example 1 of the '379 patent. "S" (or "small" 
M.W.) fraction of the extract is isolated by dialy- 
sis in accordance with Example 2 of the ! 379 patent 
or by an equivalent process such as ultrafiltra- 
tion. 

The next step in the preparation is gel filtration of the S 
fraction. This partially purifies the material of interest from 
other material, and separates the S-fraction material into a num- 
ber of separate fractions having different characteristics. The 
following two procedures of the 1 379 patent (Examples 2 and 3) 
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have been found unnecessary to carry out the pH 5 process of Exam- 
ple 4 of this application. It has not been verified, however, 
that they can be omitted with impunity in the pH 2-5 process of 
Example 6 of this application. 

EXAMPLE 2 Gel Filtration 
Gel filtration was carried out on the leuko- 
cyte extract of preceding Example 1, in accordance 
with the method of Example 4 of the '379 patent. 
The resulting fractions were collected and set 
aside. (Note: Gel exclusion chromatography is de- 
scribed in the '379 patent as an equivalent of gel 
filtration.) 

EXAMPLE 3 — Assay of Fractions 
The fractions of preceding Example 2 are as- 
sayed in accordance with the procedure of the '379 
patent. The major and secondary f luorescamine- 
reactive ( ,f f luram-reactive") peaks were detected 
and those fractions were selected and set aside for 
further purification, described below. 

II- Reverse Phase Liquid Chromatography 

Further purification of the material of preceding Examples 1 
to 3 was carried out by reverse-phase high pressure liquid chroma- 
tography ( M HPLC !I ) processes discovered by the inventor. 

The first process (hereinafter referred to as the pH 5 pro- 
cess) may be used with the material of any of preceding Examples 
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1, 2, or 3* The second process (hereinafter referred to as the pH. 
2.5 process) may be used with the material of preceding Example 3, 
and it is not known whether effective results can be obtained by 
starting with the material of Example 1 or 2. Each process uses 
an octadecylsilane ( n 0-S. ,f ) resin column eluted with a gradient of 
acetonitrile in aqueous phosphate solution. (All percentage ref- 
erences to gradients hereinafter are on a v/v basis.) The aceto- 
nitrile is HPLC' grade (J.T. Baker Co., Phillipsburg, N.J.). The 
O.S. is a Waters Associates (Milford, Mass.) "mu Bondapak'"" C18 
Octadecyl Silane reverse-phase analytical column (0.39 cm (ID) x 
30 cm). The apparatus is a Series 3B Perkin-Elmer dual-pump, 
high-pressure, liquid chromatograph. The Perkin-Elmer machine 
includes an ultraviolet absorbance detector, which scans the 
column output at absorption 210 nm. 
A. Measurement of gradient portions 

Visual display. The Perkin-Elmer Series 3B High Pressure 
Liquid. Chromatograph can be programmed to operate at a specified 
flow rate, such as 1.0 ral/min, the rate that was used herein. 
Samples can then be collected at 1.0 minute intervals. A 0% to 
20% solvent gradient can be programmed to run, for example, from 
0% to 20% in 20 minutes. . This divides the gradient into 20 1- 
minute intervals, during each of which intervals a 1.0 ml sample 
may be collected. Each such 1.0 ml sample should, in principle, 
represent a 1% change in solvent concentration. The visual dis- 
play of the Perkin-Elmer machine shows the solvent concentration 
going into the column in accordance with the foregoing data. 
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The actual solvent concentration in the effluent from the 
column may be measured, for example, by refractive indices of ef- 
fluent calibrated against a standard curve. As explained in the 
f 379 patent, in the earlier portions of the gradient the solvent 
concentration of the effluent is substantially less than the con- 
centration of solvent being programmed (at that moment) into the 
column of the machine. 

It is possible to calibrate these columns, and important to 
do so in order to facilitate repeatable results, because the sol- 
vent concentration coming out of the column (rather than going in) 
is the important factor. This calibration can be done, with quite 
some difficulty in the case of" some solvents (such as acetoni- 
trile) , by measurement of the effluent's refractive index and cal- 
culating actual solvent concentration therefrom. It is also pos- 
sible to estimate or calculate output solvent concentration from 
input solvent concentration data by various other means such as 
use of radioactive or fluorescent tracers, and in that manner 
develop a calibration curve. It is believed better, if possible, 
to use some absolute measure of concentration of effluent solvent, 
rather than elution time or tube number, as a measure of actual 
effluent solvent concentration. It should be noted, however, that 
for any gradient system, where all other parameters remain con- 
stant, it is possible to use elution time as a measure or index, 
because there will be a regular correlation. 

Ultraviolet absorption measurements . An alternative, and 
possibly preferable, measurement of the identity of the effluents 
is provided by the ultraviolet absorption profile (hereinafter 
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"UVAP") characteristics of the range of effluents. As discussed, 
below, I have found that the shape of the UVAP remains recogniz- 
able, despite some variations in the extraction procedure, such as 
a change in throughput rate. Accordingly, it is possible to iden- 
tify particular materials as they come off the column by the shape 
of the UVAP at that point. Figure 1 shows such a UVAP for the ef- 
fluents of the pH 5 process. (Figures 2 and 3 show similar data 
for other processes described herein.) Figures 1A through 1C show 
the same profile for different flow rates, showing that the pro- 
file remains recognizably the same even though the flow rate is 
changed. In the case of solvents whose refractive index is diffi- 
cult to measure with accuracy, such as acetonitrile, the UVAP is a 
preferable means of identifying an effluent of interest, and when 
coupled with elution time it provides what I consider the best 
mode of for identifying an effluent of interest. 

Retention time* In monitoring ultraviolet absorption, it is 
advantageous simultaneously to monitor "retention time 11 and also 
the machine's visual display of the solvent concentration at the 
column input. As indicated above, the display figures for concen- 
tration can by calculation be converted into estimated actual con- 
centration data. "Retention time" is a measure of elution time. 
"Retention time" is used hereinafter to mean the time elapsed from 
the beginning of an HPLC run to the time that a particular efflu- 
ent fraction passes the machine's ultraviolet detector unit on the 
way to the output. This occurs about 48 seconds before the efflu- 
ent actually passes out of the column, here, because the volume of 
tubing between the detector and the output is approximately 0.8 ml 
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and the flow rate is approximately 1 ml/min. 

Retention time changes for a particular column as it "ages" 
through repeated use. The retention times stated here are for a 
new column, used at a temperature between 22°C and 24°C. As a 
practical matter, it is possible to calibrate an aged column for 
the processes used herein by running a labelled known material 
through it- For example, I use purified commercial Tyr-Gly-Gly 
for this purpose*, because it reproducibly elutes approximately 0-8 
to 1.2 minutes before one of the principal materials of interest 
discussed hereinafter (an amplifier hereinafter referred to as 
Beta 1.11) . 
B- pH 5 process 

A description of the first acetonitrile purification process 
(the pH 5 process) follows. It may be used with the preparation 
of any of Examples 1 to 3- There is a clear economic advantage in 
using the less labor-intensive preparation of Example 1- 

EXAMPLE 4 — HPLC on Ana- 
lytic Column, pH 5 Process 

Material prepared in accordance with preceding 
Example 1 was further purified and separated by 
HPLC on the analytic column, as follows: First, an 
aqueous potassium phosphate solution was prepared 
(presumably, a mixture of K 2 HP0 4 and KH 2 P0 4 ) by ad- 
ding 5 M KOH aqueous solution dropwise to 0.02 M 
reagent grade phosphoric acid aqueous solution un- 
til the pH of the solution was adjusted to pH 5.0. 
The solution was delivered to the Perkin-rElmer ma- 
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chine, along with HPLC grade acetonitrile . The ma- 
chine was programmed to deliver the following three 
gradients : 

(1) 10 minutes of 0 to 0. IX concentration 
of acetonitrile in phosphate solution, con- 
stant gradient; 

(2) 45 minutes of 0.1% to 10.0%, linear 
gradient; and 

(3) 10 minutes of 10-0% to 15.0%, linear 
gradient. 

The flow rate was set at 1 ml/min. Then, 5-10 mg 
of material of preceding Example 1 was loaded into 
a Waters "mu Bondapak ,lw O.S. column, and HPLC was 
commenced . 

As effluent was collected, the ultraviolet ab- 
sorption of the effluent was scanned with the ma- 
chine's ultraviolet detector (full scale = 0.32 
units) . A plot of the absorption data is shown in 
Figure 1. Apparent solvent concentrations, reten- 
tion times, and ultraviolet absorption were re- 
corded. The results of the run are explained below 
and summarized in Table A thereafter. 

Certain biologic materials extracted by the 
procedure (hereinafter identified by the names 
Beta, Delta, Zeta, and Eta) have been tested by the 
modulator assay methods described in the '379 pat- 
ent. I found them to display amplifier activity. 
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For that reason, these effluent fractions are col- 
lected and set aside, and the others (hereinafter 
identified by the names Alpha, Gamma, Epsilon, and 
Theta) are discarded. 

As indicated, during the elution process, the ultraviolet ab- 
sorption of the effluent was scanned at 210 nra, with full scale 
absorbance set 'at 0.32 units. As shown in Figure 1, I observed a 
distinct doublet ultraviolet absorption peak at retention time 12- 
14 minutes (approximately 0:5 to 0.9% acetonitrile concentration 
as observed on the machine's display and approximately 0.1 to 0.2% 
estimated actual concentration) . The material accompanying this 
peak is designated herein as Alpha. It has no known immunological 
activity. But its elution serves as an indication ("marker") that 
material designated herein as Beta, which I discovered to have 
significant amplifier activity, is about to elute. 

Beta elutes approximately 3 minutes later, between approxi- 
mately 15 and 20 minutes retention time. It is accompanied by a 
sharp, single ultraviolet absorption peak (hereinafter referred to 
as the Beta peak) reaching full scale. Displayed solvent concen- 
tration is 1.2 to 2.2%; estimated solvent concentration is 0.4 to 
1.5%. 

The material at the front edge of the Beta peak frequently 
contains a material hereinafter described as Beta 1.12, which I 
identified as the tripeptide Tyr-Gly-Gly or a derivative thereof. 
Sometimes, such material appears as a shoulder on the Beta peak. 
For example, in Figure 1, there is a small shoulder at about 15 
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minutes that corresponds to an effluent containing Tyr-Gly-Gly. 
For other examples, see Figure 1A (small peak in the trough 
between 21 and 22 min) , Figure IB (shoulder at approximately 11-12 
min, preceding main Beta peak) • 

Immediately after Beta, at retention time between approxi- 
mately 17 and 22 minutes, material designated herein as Gamma 
elutes. The Gamma material is characterized by either a distinct 
broad peak of ultraviolet absorption or as a shoulder on the ab- 
sorption indication at the end of the elution of Beta. (Figure 1 
shows Gamma as a distinct peak about 40% of full scale. In the 
runs of Figures 1A-1C, where a different Example 1 preparation was 
used, Gamma is only a shoulder on the descending end of Beta.) 
Like Alpha, Gamma is without known immunological activity. 

A group of peaks are then observed in the retention time 
range of from 23 to 36 minutes. The first of these peaks (a 
rather low one, less than 30 or 40% of full scale) corresponds to 
(i.e., occurs with the elution of) biologic material designated 
herein as Delta, which has amplifier activity. Delta elutes in 
the retention time range of approximately 26-28 minutes. Solvent 
concentration indicated on the visual display of the machine is 
from 3.5 to 4.0%, while estimated actual solvent concentration is 
2.8 to 3.3%. Delta does not maintain a well-fixed location in 
this process, and may either not come off the column at all or be 
buried in the next material (Epsilon)-. (In the runs of Figures 
1A-1C, Delta did not elute as a recognizable peak.) 

The next large absorption peak in the group is approximately 
20% (or much more) of full scale, occurs about a minute later at 
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retention time 27-30 minutes, and is a broad single peak or a. 
doublet; the peak accompanies material designated herein as Epsi- 
lon. It is without known immunological activity. 

The absorption peak immediately following, approximately 2 
minutes later, at retention time about 29-32 minutes, is desig- 
nated herein as Zeta. Zeta has amplifier activity. As indicated 
below, Zeta can by a further process be separated into two moie- 
ties, Zeta-1 and Zeta-2. Zeta-2 contains the entire amplifier ac- 
tivity of the Zeta material. 

Eta immediately follows, about a minute later (retention time 
30 to 33 minutes), accompanying the next peak. Eta contains an 
amplifier. Eta accompanies a very small broad absorption peak or 
a shoulder on the next and last absorption peak (Theta) , which is 
much higher. (In Figure 1, Eta is shown as a shoulder on Theta.) 

Finally, Theta, without known immunological activity, elutes 
at approximately 32 to 36 minutes. It accompanies a single large 
absorption peak. (In some runs, Eta does not come off the column 
separately from Theta, but instead comes off with it. This is il- 
lustrated in Figures 1A-1C.) 

The foregoing information is summarized in Table A, below: 

Table A — HPLC Run, pH 5 Process 

Range of Retention Concentration % U/V Desig- 
. Times (mins . ) Display Estim. Data nation 

12-14 0.5-0.9 0.1-0.2 Doublet 

peak Alpha 

15-20 1.2-2.2 0.4-1.5 Single peak Beta 

17-22 1.5-2.6 0.8-1.9 Broad Gamma 

moderate 
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peak or shoulder 
on end of pre- 
ceding peak 

26- 28 3.5-4.0 2.8-3.3 First peak Delta 

of 23-36 group 
of peaks, low to 
moderate peak 
following no- 
absorption trough. 

May fail to appear. 

27- 30 3.7-4.4 3.0-3.7 Next large Epsi- 

peak of 20% or Ion 
more of full scale 

29- 32 4.2-4.8 3.5-4.1 Broad single Zeta 

peak or over- 
lapping doublet 

30- 33 4.4-5.1 3.7-4.4 Small broad Eta 

peak or part 
of or shoulder 
on beginning of 
next peak (Theta) 

32-36 4.8-5.7 4.1-5.0 Single Theta 

large peak. 
May include Eta. 

C. Acetonitrile cleanup process 

The materials of Example 4 are contaminated with phosphate 
ions and are imperfectly purified from extraneous material (ma- 
terial having no known useful immunological activity) , I dis- 
covered a further HPLC procedure with a different solvent system, 
which can remove phosphate and extraneous material. The resulting 
material appears to be considerably more free of extraneous 
material. 

EXAMPLE 5 -- HPLC Cleanup and Phosphate Removal . 
First, a 0.1% (v/v) aqueous trif luoroacetic 
acid (Mallinckrodt , Inc., Paris, Ky.) solution was 
prepared, and the pH of the solution was adjusted 
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to pH 2.5 by the dropwise addition of sufficient 5 
M KOH aqueous solution- The solution was delivered 
to the Perkin Elmer machine, along with HPLC grade 
acetonitrile. 

The machine was 'programmed for a 45 minute 
linear gradient of 0.1% to 45% concentration of 
acetonitrile .in the trif luoracetic acid solution. 
(A 25-minute run to 25% is acceptable, but 45 min- 
utes to 45% is more conservative.) The flow rate 
was set at 1 ml/min. The machine was then used for 
any one of the following three separate processes . 

a. Beta Run 

Beta fractions from approximately 4 procedures 
of Example 4 are pooled and loaded into a "mu Bond- 
apak Uw 0.S. column, as above; and HPLC is com- 
menced. The effluents are scanned with the ultra- 
violet absorption detector, as in the preceding ex- 
ample. Full scale is set at 1.28 absorption units. 

Contaminating Gamma material elutes as shown 
in Table B, below, and is discarded. Material 
hereinafter designated as Amplifier Beta-1.0 elutes 
as shown in Table B. Tyr-Gly-Gly, which as dis- 
cussed below is a material having immunological ac- 
tivity, is frequently, but not always, observed as 
an effluent associated with a small peak or shoul- 
der on the front edge of the Beta peak in the pH5 
acetonitrile process; sometimes, it is found pre- 
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peak* (See discussion following Example 4.) 



The same procedure is repeated with the Zeta 
material of Example 4. Zeta fractionates into two 
moieties -- hereinafter designated Zeta-1 and 
Zeta-2. The first is without known immunological 
activity. The second has amplifier activity. Zeta- 
1 and *Zeta-2 elute as shown in Table B. 



The same procedure is repeated with the Eta 
material of Example 4.- Material hereinafter desig- 
nated as Amplifier Eta-1 elutes as shown in Table 
B. Contaminating Theta material, previously mixed 
with the Eta material, elutes later and is dis- 
carded . 



Unfortunately, Delta has not been recovered by use of this proce- 
dure; it may be destroyed by the trif luoroacetic acid. The fore- 
going results are summarized in Table B, below. Figures 2, 2A, 
and 2B show the UVAPs associated with these three procedures. 



b. 



Zeta Run 



Eta Run 



Range of Retention 
Times (mins.) 



Table B -- HPLC Cleanup 

t Concentration % 
Display Estim. 



Designa- • 
tion 



8-11 



8-11 



4.8-7.8 



Gamma 



15-18 



15-18 



11.8-14.8 



Beta-1 .0 
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2. 11-14 11-14 7.8-10.8 Zeta-1 
15-19 15-19 11.8-15.8 Zeta-2 

3. 18-20 18-20 14.8-16.8 Eta-1 
23-26 23-26 19.8-22.8 Theta 

Note: These are three different procedures, using three different 
starting materials (Beta, Zeta, and Eta, respectively.) 

D- pH 2.5 process 

« 

A description of the second acetonitrile purification process 
(the pH 2.5 process) follows. 

EXAMPLE 6 HPLG on Ana- 
lytic Column ^ pH 2.5 Process 

Material prepared" in accordance with preceding 
Example 3 was further purified and separated by 
. HPCL on the analytic column as follow: First, an 
aqueous potassium phosphate solution was prepared 
as in preceding Example 4, except that the pH was 
adjusted only to 2.5. The solution was delivered 
to the Perkin-Elmer machine, along with HPLC grade 
acetonitrile. 

The machine was programmed to deliver the fol- 
lowing three gradients: (1) 10 minutes of 0.1% to 
5% concentration of acetonitrile in phosphate solu- 
tion, gradient curve 4 (Perkin-Elmer LC75 program); 
(2) 30 minutes of 5% to 20%, gradient curve 0.2 
(Perkin-Elmer LC75 program); (3) 10 minutes of 20%, 
constant gradient. The flow rate was set at 1 ml/ 
min. 
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Then, 5-10 mg of f luram-reactive n S ,! fractions 
associated with the major f luram-reactive peak of 
Example 3 was loaded into a "mu Bondapak 11 O.S. col- 
umn and HPLC was commenced. 

Monitoring of ultraviolet absorption detector 
(full scale =0.08 units) shows nine or more peaks. 
The results of the run are summarized in Table C. 
Ultraviolet absorption detection at 210 nm is 
plotted in Figure 3. Materials extracted by the 
procedure (hereinafter designated by the names Pi, 
Sigma, and Upsilon) have been tested by the methods 
of the f 379 patent and have been found to display 
amplifier activity. These effluent fractions are 
collected and set aside. The other fractions 
(hereinafter designated Mu, Nu, Xi, Omicron, Rho, 
and Tau) are discarded. 



The data relating to the elution of these amplifier materials 
is summarized below in Table C. 

Table C HPLC Run, 'pH 2.5 Process 



Retention 
Times (Mins.) 



Concentration % Ultraviolet Desig- 
Display Estim. Data nation 



0-13 



0.1-12.6 0.1-11.3 4 peaks Mu, Nu, Xi 



Omicron 



19,6-22.4 



13.5-14.5 12.0-13.5 2 small peaks 



Pi 



22.6-23.4 



14.8-15.0 13.8-13.9 First large 

peak of a doub- 
let with Sigma 



Rho 
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23-6-25-0 15.3-15.8 14.0-14.5 Large second Sigma 



peak of Rho 
doublet 



25-28 



15.8-16.7 14.5-15.6 Indistinct 

trailing peak 
on end of Sigma 



Tau 



28.2-29.2 16.8-17.1 15.8-16.0 Next large Upsilon 



E. Further Purification Processes 

I have developed further refinements have been that further 
purify the products of these processes, and remove additional 
extraneous material. The Beta material described above has been 
further fractionated and refined by these techniques, and the re- 
sulting products have become sufficiently purified to permit .amino 
acid analysis thereof, A description of the processes follows. 



EXAMPLE 6A -- Ethanol Purification of Beta 
The material developed from the pH 5 phosphate 
gradient of Example 4, and designated as Beta (see 
Table A), was dried in a vacuum evaporator without 
heat. The material was reconstituted in 0.1% tri- 
fluoroacetic acid to approximately 100 microliter 
per 200 mg of f luram-reactive starting material. A 
Perkin-Elmer preparative column was used for HPLC; 
a 3.5 cm x 28 cm column was packed with octadecyl- 
silane, and the reconstituted material was intro- 
duced. A flow rate of 6.0 ral/min was set. 

The machine was programmed to deliver the fol- 
lowing gradients: 

(1) 30 minutes of ethanol in water, from 
0% ethanol to a 50.0% concentration, linear 



peak after Tau 



Dr. A. Arthur Gottlieb, Immunoaraplif iers , Pat. App. 



Page 20 



8/18/06, EAST Version: 2.1.0.14 



0 230 052 



gradient ; 

(2) 5 minutes, linear gradient, from 
50-0% to 0% ethanol; and 

(3) 10 minutes constant gradient of 100% 
water. 

Absorbance was monitored at 254 mm, 0.1 Ab- 
sorbance Units = Full Scale. Three major peaks 
were observed, which respectively eluted at 10.4- 
10.6 min, 14.0-16.0 min, and 18.0-19.0 min. The 
biological activity was assayed and found to reside 
almost entirely in the material associated with the 
middle peak, which is designated herein as Beta- 
1.1. The last peak was found to be associated with 
material that was mainly phenylalanine and con- 
tained approximately 90% of the starting material 
used. The first peak was lower than the second and 
third, in terms of absorbance units. The second 
and third peaks varied in relative height from 
preparation to preparation. 

Based on. refractive index measurements, the 
ethanol concentration of the effluent of the second 
peak was found to be from approximately 0.1% to ap- 
proximately 0.4%. 

An amino acid assay of the material associated 
with the Beta-1.1 peak was made, with the following 
normalized results: 
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Asx 2 
Thr 1 
Ser 1 
Glx 1 
Pro 2 
Gly 4 
Ala 2 
Val 1 
He 1 
Tyr 1 
Lys 3 
His 1 
Arg 1 
TT 

I decided that still further purification of the materials of 
the foregoing p.rocess would be desirable, to ascertain whether one 
or more immunologically active materials were present in which 
there were substantially fewer peptide groups. I devised an ace- 
tonitrile HPLC process that, to date, resulted in the extraction 
of two molecules having amplifier activity: a material containing 
the dipeptide Tyr-Gly and a material containing the tripeptide 
Tyr-Gly-Gly. The process is in some ways similar to the "cleanup 11 
process of Example 5; but a different column is used, the tri- 
fluoroacetic acid solution is twice as dilute, and the gradient is 
different- The Zorbax 1 ", Dupont column used here comes packed with 
a Dupont material containing octadecylsilane groups chemically 
bonded to silica particles. 



EXAMPLE 6B - Dilute Acetonitrile 
Purification of Beta 1.1 

Beta-1.1 material of Example 6A was injected 

into an ODS HPLC column (Zorbax" 1 , DuPont) , 1 ml/min 

flow rate, 25°C. The solvent system was (1) 100% 

acetonitrile (CH 3 CN) , HPLC Grade, and (2) 0.05% 

trifluoroacetic acid aqueous solution, HPLC Grade, 
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pH 2.5. The following linear gradients were used: 
Time segment Cumulative time % CH Q CN 



0 0 0 
15 15 6 
30 45 40 

5 50 0 

1 51 0 



A fraction of interest, hereinafter designated 
as Beta-1.11, eluted at approximately 23.8 to 24.8 
min, for a new column. It was associated with a 
sharp, narrow peak of UV absorption at 210 nm; this 
peak is approximately the fourth absorption peak 
observed (some variability existing) . The material 
was lyophilized and reconstituted in normal saline, 
and set aside for further use. As shown below, 
Beta-1.11 contains Tyr-Gly, a dipeptide having am- 
plifier activity. 

Another fraction of interest, eluted from this 
material on this. column, but somewhat irregularly. 
When it eluted, the retention time was approximate- 
ly 22.8-23.2 min. It was associated with a dis- 
tinct peak of ultraviolet absorption at 210 nm, 
just before the peak associated with Beta-1.11. 
The material was lyophilized and reconstituted in 
normal saline, and set aside for further use. As 
shown below, this material, hereinafter referred to 
as Beta-1.12, contains Tyr-Gly-Gly, a tripeptide 
having amplifier activity. 
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Other moieties found present in effluents of 
this process were Gly-Gly, Ser-Phe, and Ala, along 
with possibly other amino acid residues as well. 
None of these other moieties appeared to possess 
immunological activity, as assayed by DH test*. 

To avoid confusion between the two moieties of 
interest, particularly in the case of aged columns, 
I have found it advantageous to run purified com- 
mercial Tyr-Gly-Gly through the column as a marker. 
As indicated above*, such Tyr-Gly-Gly elutes repro- 
ducibly 0.8 to 1.2 min before Beta-1.11 (approxi- 
mately the same zone as Beta- 1. 12). 

A Tyr-Gly-Gly purification procedure is now described which I 
devised to eliminate pyrogens, endotoxins, and other contaminants 
present in the commercial product. I did so to provide a syn- 
thetically-derived Tyr-Gly-Gly product for use as a marker in the 
foregoing process and also for use as an amplifier for human 
subjects. The resulting product, which I believe has not been 
hitherto described, appears to be free of all toxic or harmful 
contaminants usually found in the commercial product. 

EXAMPLE 6C - Purification of Tyr-Gly-Gly 
1 microgram (ug) of synthetic, crystalline Ty- 
rosylglycylglycine (Sigma Chem. Co., St. Louis, 
Mo.) is dissolved in 1 microliter (ul) of normal 
saline. The solution is mixed with 99 ul of 0.05% 
trifluoroacetic acid (TFA) in water. 50 ul of this 
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mixture is injected into a fresh reverse-phase HPLC 
analytic column (Zorbax 1 ", Dupont, 4-6 ram x 25 cm) 
and eluted with the following combination of linear 
gradients : 

Solvent A = 100% acetonitrile 
Solvent B = 0.05% trif luoroacetic acid 
in water 

Time % A to 1 B 

Init- 0 100 

15 rain. 6 94 

45 min. 40 60 

50 min. (end) 0 100 

The elution curve absorbance at 210 A (0.05 
O.D. units full scale) shows a sharp and narrow 
peak, much higher than any other peaks, at approxi- 
mately 21.5 to 22.7 minutes. This elutant is TGG, 
substantially free of contaminants. (Note: the 
22.7 min figure is for a fresh column.) 

The material associated with the peak is re- 
covered, lyophilized, and made up in sterile normal 
saline. 

I then subjected the Beta-1.11 material to amino acid se- 
quencing procedures. Using standard techniques, I determined that 
Amplifier Beta-1.11 contains Tyr and Gly, which come off in that 
order. Therefore, I identified the material as containing the 
dipeptide Tyr-Gly, which I found was immunologically active, as 
discussed below. (A protein/pep tide sequencer automatically re- 
moves one amino acid at a time from the N-terrainal end of a pro- 
tein or peptide for determination of amino acid sequence.) I also 
detected Tyr-Gly-Gly in this material, which I found was immuno- 
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logically active, as is discussed below- Small amounts of lie and 
Lys were also detected. Those may be artifacts of the procedure, 
or may indicate small amounts of Ile/Lys components in a molecule 
or molecules present in relatively low concentrations in the prod- 
uct (such as, hypothetically, Tyr-Ile-Lys , Tyr-Gly-Lys, Tyr-Gly- 
Gly-Ile) . I presently believe that the lie/ Lys material is 
simply an artifact or a nonsignificant component. 

I also subjected the Beta- 1.12 material to amino acid se- 
quencing procedures and found that it contained Tyr-Gly-Gly. As. 
discussed below, I found this tripeptide to be immunologically 
active. 

I have not ascertained whether isomeric forms are present 
(such as D-aminoacid forms) , whether the Tyr-Gly and Tyr-Gly-Gly 
materials of Beta-1.11 and 1.12 have other groups bound to them 
(e.g., methyl, acetyl, amide), or whether complexes with metal 
ions (such as, possibly, Zn++, Ca++, Fe++, Mn-H-, or Mg-f+) are 
present, and if so whether the different forms, if any, possess 
different immunological activity. As indicated below, certain 
immunological assay data suggests that Beta-1.11 and Beta-1.12 are 
in some way different from chemically manufactured Tyr-Gly and 
Tyr-Gly-Gly, respectively, because the products extracted from 
natural (i.e., human) material appear to have greater immuno- 
logical activity than the purified peptide chemicals. (The puri- 
fied chemicals do not have methyl, acetyl, etc. substitutions and 
they are not complexed with Zn+-h or other ions. They may contain 
D-aminoacid residue isomers.) 
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There is reason to infer that the naturally occurring Beta-. 
1.11 and 1.12 amplifier products are present in the human or ani- 
mal body in the form of a complex of (X)M++(Y) , where (X) and (Y) 
are each selected from the group consisting of Tyr-Gly, Tyr-Gly- 
Gly, or a derivative thereof, and where M-H- is Zn-H- or another di- 
valent metallic ion such as Ca++, Fe-H-, Mn-H-, or Mg-H-. There is a 
negative site on the Tyr group that may bind to the M++ ion; there 
is also a C-tertoinal negative site on the last Gly that may so 
bind. There may well also be a mixture of such complexes. 

t I have done some analysis of the ratio of Tyr-Gly and Tyr- 
Gly-Gly components in human materials, by radioiodinating the Tyr 
groups and then separating the Tyr-Gly and Tyr-Gly-Gly moieties by 
gel electrophoresis. If there were only a (Tyr-Gly)M-H-(Tyr-Gly- 
Gly) complex, one could anticipate a constant 1:1 ratio of the two 
moieties. But that does not occur; instead, the proportions ob- 
served varied from sample to "sample. This suggests the presence 
of several different materials or complexes such as (Tyr- 
Gly)M-H-(Tyr-Gly) , (Tyr-Gly)M++(Tyr-Gly-Gly) > and (Tyr-Gly- 
Gly) M-H- (Tyr-Gly-Gly) -- in varying proportions, depending on as 
yet unidentified physiological parameters. 

From the foregoing amino acid sequencing data, in conjunction 
with biological assay data described below, I conclude as follows: 
The biologically most significant component or components of the 
Beta material described above may be further characterized as con- 
taining the amino acids Tyr and Gly, in a 1:1 or 1:2 ratio, and as 
not containing substantial amounts of any other amino acid. The 
Tyr-Gly and Tyr-Gly-Gly present in the Beta materials may exist as 
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a mixture of fixed or variable proportions; either or both mole-, 
cules may be complexed with metal ions (such as Zn++, Ca++, Fe++, 
Mn++, or Mg++); both may be complexed together, with the possible 
addition of metal ions. The materials eliminated from the final 
materials, such as Phe and Gly-Gly, do not possess intrinsic im- 
munological activity, but they may co-act with the Tyr-Gly and 
Tyr-Gly-Gly materials to enhance their stability or immunological 
activity. 

F. HPLC Yield Data 

The foregoing series of processes begin with a leukocyte di- 
alysate containing an extract from approximately 10 10 leukocytes. 
This results in approximately 300 mg of f luram-reactive material 
of Example 3. This in turn yields approximately .500 ng of Beta- 
1.0. This in turn yields approximately 3 or 4 ng of Tyr-Gly and 
Tyr-Gly-Gly each. A quantity of 0.1 pg of Tyr-Gly, which is ap- 
proximately one clinical dosage unit, as discussed below, is de- 
rived from approximately 4 x 10 5 leukocytes. (However, the same 
starting material also yields approximately the same amount of the 
tripeptide Tyr-Gly-Gly of interest.) 

Ill - Biological Assay Data 

Additional biological assay methods have been developed, 
which were not described in the '379 patent. The l 379 patent de- 
scribes assaying amplifier material by the enhanced DH response in 
normal subjects when they are re-exposed to an antigen. In addi- 
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tion, I have now found the following assay methods advantageous: 

(1) antigen- induced enhanced "leukocyte in- 
hibitory factor 11 ("LIF"); 

(2) augmented production of interleukin-2 
( n IL-2 t! ), stimulated by mitogen, antigen, or alio- 
antigen; 

(3) enhanced generation of cytotoxic cells to 
Raji cells; 

(4) augmented production of gamma -interferon, 
stimulated by mitogen or antigen; and 

(5) enhanced expression of high-density re- 
ceptors for IL-2. 

I believe that criterion (4) is secondary to the augmented 
production of IL-2 of criterion (2) . Beta and Zeta-2 display at 
least three out of the five new assay criteria as well as the en- 
hanced DH response of the ! 379 patent. Beta displays all five; 
Zeta-2 has not yet been -tested with the LIF assay. Delta enhances 
mitogen-induced IL-2 production. Eta enhances generation of cyto- 
toxic cells to Raji cells. Delta, Eta, Pi, Sigma, and Upsilon 
display the enhanced DH response of the f 379 patent, but have not 
been otherwise tested as yet with the five newer assay procedures. 

The protocol for the enhanced DH assay is given in the '379 
patent. The LIF assay is described in Gottlieb et al . , Modulation 
of. Human T Cell Production , J. Immunology 132:256-260 (Jan. 1984), 
at p. 257. Protocols for the other assays are believed to be 
known to those skilled in this art. 
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As stated above, it has been shown that the materials of this, 
invention have amplifier activity. This was done by means of the 
DH assay procedure of the '379 patent, as indicated in the follow- 
ing examples . 

EXAMPLE 7 — DH Assay of Beta-1.0 
Serial dilutions of Beta-1.0 of preceding Ex- 
ample 5 were made from a solution containing the 
amplifier material derived from 4 x 10 8 buffy coat 
leukocytes in 1 ml of aqueous saline solution. 
0.05 ml of tetanus' toxoid was diluted from 1/10 to 
1/40 so as to elicit a small (preferably slightly 
less than 5x5 mm) skin reaction from the patient, 
and 0.1 ml of the diluted Beta-1.0 preparation was 
added. The patient was subcutaneously injected 
with several different dilutions of 3eta-1.0, and 
also with an equal quantity of tetanus toxoid (TT) 
without any Beta-1.0 added thereto. Two approxi- 
mately perpendicular diameters of each responding 
skin site on the man's arm were measured at the 

times indicated below. ("TT + 11 refers to TT and 

a dilution of Beta to the concentration indicated; 
"TT" alone is TT without Beta-1.0.) 

At 5 hours, the respective responses to TT + 
10~ 8 , TT + 10~ 9 , and TT were 14 x 14 mm, 19 x 14, 
and 3x3. At 24 hours: 20 x 24 mm, 19 x 23, 14 x 
12. 
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EXAMPLE 7A - DH Assay of Amplifier Beta-l.U 
Example 7 was repeated with serial dilutions 
of Amplifier Beta-1.11, beginning with 1 microgram 
per microliter of the product of Example 6B. It is 
estimated that 100 picograms of the product of Ex- 
ample 6B is the amount of Amplifier Beta-1.11 that 
can be derived from approximately 3 x 10 8 buffy 
coat leukocytes- It is also estimated that the 
M.W. of Amplifier Beta-1.1 is approximately 239 « 
Hence, 1 microgram/microliter is approximately a 4 
mM solution. Dilutions to 4 femtomolar (fM) and 
0*4 fM were prepared. 

Aft er following the procedure described in Ex- 
ample 7, it was observed that at 5 hours, the re- 
spective responses to TT + 0.1 ml 4fM, TT + 0.1 ml 
0.4 fM, and TT were 1 x 8 mm, 9 x 9, and 3x5. At 
24 hours: 18.x 21 mm, 19 x 19, 14 x 15. 

EXAMPLE 7B - DH Assay of Amplifier Beta-1.12 
Example 1 ■ was repeated, with serial dilutions 
of Amplifier 3eta-1.12, beginning with 1 microgram 
per microliter of the product of Example 6C. It is 
estimated that 100 picograms of the product of Ex- 
ample 6C is the amount of Amplifier Beta-1.11 that 
can be derived from approximately 3 x 10** buffy 
coat leukocytes. It is also estimated that the 
M.W. of Amplifier Beta-1.1 is approximately 295. 
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Hence, 1 microgram/microliter is. approximately a 3 
mM solution. Dilutions to 3 fM and 0-3 fM were 
prepared. 

After following the procedure described in Ex- 
ample 7, it was observed that at 5 hours, the re- 
spective responses to TT + 0.1 ml 3fM, TT .+ 0.1 ml 
.0.3 fM, and TT were 7x8 mm,. 9x9, and 3x5. At 
24 hours: 18 x 21 mm, 19 x 19, 14 x 15. 

In the case of Beta-1.12, it is not certain whether the DH 
response is to the Beta-1.12 per se (i.e., to material essentially 
consisting of Tyr-Gly-Gly per se) or to a Beta-1.11 (i.e., materi- 
al consisting essentially of Tyr-Gly) metabolite of Beta-1.12. It 
is known that pentapeptides (enkephalins) containing a Tyr-Gly-Gly 
amino acid residue sequence are degraded in vivo by the action of 
dipeptidylaminopeptidase, which hydrolyzes the enkephalin (i.e., 
H 2 N-Tyr-Gly-Gly-Phe-Met-OH) by cleaving its Gly-Gly amide bond. 
(See, e.g., Schwartz, Malfroy, and Baume, Biological inactivation 
of enkephalins and the role of enkephalin-dipeptidyl-carboxypepti- 
dase ("enkephalinase") as neuropeptidase , 29 Enkephalin Metabolism 
1715, 1716 (1981), which cites and summarizes a number of studies 
in this field.) Hence the apparent immunoamplif icatory effect of 
the Tyr-Gly-Gly might be attributable to Tyr-Gly as a metabolite 
of Tyr-Gly-Gly rather than to the Tyr-Gly-Gly itself. (For exam- 
ple, it is known that hetacillin converts to ampicillin once in 
the human body, and therefore produces a similar effect. That is, 
the metabolite of hetacillin acts as an antibiotic.) 
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On the other hand, both molecules may have intrinsic immuno-. 
araplif icatory effect. For example, the receptor site for this 
lymphokine could be associated with the Tyr-Gly portion of the 
molecule, and the additional Gly amino acid residue may have a 
neutral effect on reception and biological activity. It is also 
possible that Tyr-Gly-Gly interacts with a different receptor site 
to have the same biological effect as Tyr-Gly. Alternatively, a 
complex of both 1 peptides , perhaps through a trace metal (such as 
Zn++, Ca-H-, Fe++, Mn++, or Mg-H-) may be required. This is a ques- 
tion calling for further work, such as in vitro tests of Tyr-Gly- 
Gly in the presence of a suitable aminopeptidase inhibitor, to 
prevent cleavage of the Tyr-Gly amide bond in Tyr-Gly-Gly to pro- 
duce Tyr-Gly. In any event, whether Tyr-Gly-Gly operates per se 
or as a metabolite of Tyr-Gly, Tyr-Gly-Gly clearly can be used to 
enhance amplifier activity (as hetacillin may be used to produce 
an ampicillin-like effect) and is thus considered within the 
instant invention. 

This question is complicated further by an additional factor. 
I made assays with Tyr-Gly and Tyr-Gly-Gly preparations that I 
prepared by purifying commercial, synthetic peptide products. I 
purified the Tyr-Gly and Tyr-Gly-Gly- preparations by removing 
pharmaceutically unacceptable (potentially toxic) contaminants 
from them. The purified commercial peptides show lower immuno- 
logical activity (for the same weight of active chemical) than do 
the corresponding preparations made from human leukocyte dialy- 
sates. If the human-derived products were identical to the puri- 
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fied commercial peptide chemicals, this difference in activity 
should not occur. 

Therefore, I conclude that they are not identical. The 
commercial products may in whole or part be different isomeric 
forms from the biological products. The biological materials may 
be complexed, as discussed above, for example, with trace metal 
ions, such as Zn+-K The biological materials may be more stable 
than the synthetic chemical materials, in vivo, because of chemi- 
cal differences. While the purified synthetic products are simply 
the dipeptide or tripeptide, per se, rather than derivatives 
thereof, the biological products may contain substitutions such as 
a methyl, acetyl, or amide for an H; or other molecular variations 
may occur, which are not detected by the analytic procedures uti- 
lized here. 

However, while the products derived from commercially avail- 
able chemicals appear to be less active biologically, they are 
considerably cheaper to prepare and may possibly produce more re- 
peatable results. Consequently, there may be a tradeoff of fac- 
tors leading to a conclusion that the chemically-derived products 
are biologically adequate, even though perhaps suboptimal, and are 
therefore the basis of a preferred commercial embodiment. 

I return now to the DH assay data for the other amplifiers of 
this invention. 

EXAMPLE 8 DH Assay of Delta 
The procedure of Example 7 was repeated with 
Delta of Example 4. At 6 hours, the respective 
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responses to TT + 10 and TT were 19 x 18 ram, 13 x 
11. At 23 hours: 28 x 29 mm, 7x6. 

EXAMPLE 9 -- DH Assay of Zeta-2 
The procedure of Example 7 was repeated with 
Zeta-2 of Example 5. However, purified protein 
derivative of tuberculin ("PPD") was substituted 
for TT. At 12 hours, the respective responses to 
PPD + lCf 6 , PPD + 10" 7 , PPD + 10" 8 , and PPD were 1 
x 1 mm, 15 x 22, 14 x 11, and 1 x 1. At 27 hours: 2 
x 2 mm, 22 x 24, 15 x 15, and 3x3. 

EXAMPLE 10 - DH Assay of Eta 
The procedure of Example 7 was repeated with 
Eta of Example 5. At 4 hours, the respective re- 
sponses to TT + 10" 3 , TT + 10" 4 , TT + 10" 5 , TT + 
10" 6 , and TT were 2x3 mm, 7x7, 2x3, 3x3, 
and 2x2. At 13 hours: 8 x 11 mm, 16 x 20, 16 x 
15, 4x5, and 6x4. 

EXAMPLE 11 -- DH, Assay of Pi 
The procedure of Example 7 was repeated with 
Material Pi of Example 6. At 6 hours, the re- 
spective responses to TT + 10" 7 , TT + 10~ 8 , TT + 
10" 9 , and TT were 8 x 10 mm, 12 x 11, 7 x 8, and 2 
x 3. At 21 hours: 12 x 12 mm, 21 x 15, 15 x 16, 
and 14 x 13. 
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EXAMPLE 12 — DH Assay of Sigma 

The procedure of Example 7 was repeated with 

Material Sigma of Example 6. At 4 hours, the re- 

7 -ft 

spective responses to TT + 10 , TT + 10 , TT + 
"10" 9 , and TT were 12 x 11 mm, 13 x 12, 4x 2, and 4 
x 2. At 8.5 hours: 17 x 15 mm, 19 x 20, 5 x 4, 
and 5x4. 

EXAMPLE 13 — DH Assay of Upsilon 
The procedure of Example 7 was repeated with 
Material Upsilon of Example 6. At 5.5 hours, the 
respective responses 'to TT + 10 -1 and TT were 16 x 
13 mm, 10 x 8. At 9 hours: 15 x 25, 13 x 10. At 
11 hours: 25 x 23, 12 x 15. 

IV. Human Tests 

The effectiveness of the amplifier material of this invention 
in amplifying human immune system response has been tested in a 
number of men suffering from AIDS or ARC. All amplifier materials 
used in this work were free of endotoxin as detected by the Limu- 
lus assay (M.A. Bioproducts, Rockville, Md.). The following ex- 
amples illustrate these tests. (As used hereinafter, the term fl T- 
helper cell 11 includes cells designated as T4 , CD4 , Leu3 , and 
T4.) 

The inventor has ascertained by empirical means that an ef- 
fective dosage amount of these products, in the procedures de- 
scribed hereinafter, is that derived from 400,000 leukocytes, 
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purified by the method of Example 5 and dispensed in 0.1 ml of 
normal sterile saline solution. (This dosage amount, that derived 
from 4 x 10^ leukocytes, is frequently referred to hereinafter as 
M one standard dose of Beta. 11 ) 

EXAMPLE 14 Multiple Doses 
of Beta-1.0 With Transfusion 

An AIDS patient, DT, with Kaposi's sarcoma was 
given doses of Beta-1.0 together with transfusions 
of isologous leukocytes available from DT 1 s identi- 
cal twin brother (a normal, disease-free person). 
DT also received such transfusions without Beta- 
1.0. 

An initial transfusion of approximately 1.0 x 
lO 1 ^ isologous leukocytes (without Beta-1.0) pro- 
duced a moderate restoration of DT ! s proliferative 
response to phytohemagglutin (PHA) . Within 13 days 
the response declined to baseline levels; there was 
no alteration in the ratio of circulating helper 
lymphocytes to suppressor lymphocytes (T4/T8 
ratio) . 

Ten days, after the initial transfusion, DT was 
given a single standard dose of Beta-1.0 (as stated 
above, the dose derived from 400,000 leukocytes). 
No effect was observed on DT's PHA response. 

A cycle of treatment comprised of a second 
isologous leukocyte transfusion (again, the same 
number of leukocytes) followed at 24, 48, and 71 
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hours by subcutaneous Amplifier Beta doses derived 
from 400,000, 4,000,000, and 400,000 leukocytes, 
respectively (i.e., 1, 10, and 1 standard doses). 
A significant increase in DT's PHA response fol- 
lowed- There was also an increase in the T4/T8 
ratio, resulting from an absolute increase of T4+ 
cells and a decrease in T8+ cell numbers. After 
approximately one month, these parameters of immune 
system response declined to approximately their 
former level. 

A third transfusion similar to the first (no 
Beta) was given. No effect on PHA response or 
T4/T8 ratio was observed. 

While these studies were made, parallel 
studies of IL-2 production were made. Initially, 
no IL-2 production was observed in response to PHA. 
This correlated with the patient's low prolifera- 
tive response to mitogen. The initial leukocyte 
transfusion did not affect this parameter. After 
the second transfusion (of both leukocytes and 
Beta-1.0), PHA induced significant levels of IL-2. 

EXAMPLE 15 Multiple Doses of Beta-1.0: Group 1 

The members of a group of 15 patients with 
AIDS received one standard dose of Beta-1.0 once 
every month until three doses were given (three 
months). Of these 15 patients, six had Candida in- 
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fections (oral candidiasis), and 12 had Kaposi's 
Sarcoma . 

Clinical symptoms were monitored. No decrease 
in weight was observed. No toxicity to Beta was 
observed . 

A significant decrease in Candida infection 
was observed as a result of treatment, in three- 
quarters of the patients completing the protocol. 

Skin test sensitivity (DH test) to tetanus 
toxoid was noticeably enhanced, and returned to an 
approximately normal level in 47% of the subjects. 
Since, according to the Walter Reed Classification 
of Severity of AIDS/ ARC (see 314 New Eng. J. Med. 
131 (1986)), Candida infection and loss of skin 
test sensitivity are signs of far advanced immuno- 
deficiency, the effectiveness of Beta-1.0 in re- 
versing these symptoms is medically significant. 

Mitogen-stiraulated lymphocyte proliferation 

increased with each successive dose. Mitogen- 

stimulated 1L-2 production increased in at least 

60% of patients. Response to pokeweed mitogen 

(PWM) increased for those patients having more than 

3 

50-100 T4 cells per mm remaining. 

EXAMPLE 15A -- Multiple Doses of Beta-1.0: Group 2 

The members of a group of 14 patients with 
AIDS received one standard dose of Beta-1.0 every 
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two weeks for six doses (approximately three 
months). Of these subjects, six had Candida in- 
fections. Of the 14 patients, 11 had Kaposi's Sar- 
coma . 

Clinical symptoms were monitored. Eleven of 
the 14 patients gained weight. An average weight 
gain of 4.4- lb occurred in these 11. No toxicity 
to Beta-1.0 was observed. Serum uric acid levels 
fell. Creatine phosphokinase levels fell. Since 
high levels of uric acid and creatine phosphokinase 
reflect tissue breakdown characteristic of AIDS, 
lowering of the levels of these substances and 
reversal of weight loss suggests significant clin- 
ical improvement. 

Skin test sensitivity to tetanus toxoid re- 
turned in 57% of subjects. Candida infection was 
totally cleared in three subjects and decreased in 
another. 

Mitogen-stimulated lymphocyte proliferation 
increased. Mitogen-stimulated IL-2 production 
increased in 60X of patients after two doses of 
Beta-1.0; and in all those patients having more 
than 50-100 T-helper cells/mm 3 remaining, after 
two doses of Beta-1.0. 

Response to pokeweed mitogen (PWM) increased 
for those patients having more than 50-100 T-helper 
cells/mm remaining. A small increase to PWM ap- 
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peared after the second dose with those patients 
having fewer than 50-100 T-helper cells/mm remain- 
ing, and slowly increased following the next two 
doses. 

There was also a slowing of the rate of destruction of T- 
helper cells during the treatment with Beta-1.0. For example, 
untreated patients with ARC typically lose T-helper cells at the 
rate of approximately 13-4 cells/month. For those of the above 
ARC patients who received Beta-1.0 on a monthly basis (Example 
15), the rate of T-helper cell loss was 7.2 cells/month, while for 
those who received it every two weeks (Example 15A) the rate of 
T-helper cell loss was 4.2 cells/month. This data indicates that 
Beta-1.0 slows the rate of T-helper cell destruction typical of 
ARC . The retarding of destruction is proportional here to the 
dosage. 

EXAMPLE 15B — Multiple Doses of Beta-1.0: Group 3 

Five patients, three with AIDS (RB , JB, and 
RG) and two with ARC (WW and CM) were treated with 
Beta-1.0 over a period of . approximately a year or 
more. (One standard dose intradermally every two 
weeks . ) 

Skin test sensitivity returned completely in 
three subjects and partially in one (RB, JB, WW, 
and CM). Candida infection improved in the two pa- 
tients (RB and CM) initially having it and it did 
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not appear in the others. The percentage of T- 
helper cells Increased transiently in four patients 
(RB, RG, WW, and CM). 

Three patients gained substantial weight (RB, 
WW, and CM). PHA- stimulated lymphocyte prolifera- 
tion increased in all five, PWM response in four 
(RB, RG, WW and CM), IL-2 production in. three (RB, 
WW, and CM) . 

These tests indicate that Beta-1.0 has a ppositive effect on 
the T-helper cell population of the human body and is useful in 
improving human immune response characterized by a T-helper cell 
defect. Doses of Beta appear to partially restore the functioning 
of a defective subset of the T-helper lymphocytes. Tests such as 
those on patient DT suggest that Beta can partially correct a de- 
fect in T-helper cell function even in the presence of the exces- 
sive proportions of T8+ cells observed in AIDS patients. 

It appears, further, that some minimal level of residual T- 
helper cell function must be present for Beta to improve immuno- 
logical functions; if T-helper cell loss is too severe, there may 
not be enough T-helper cells left to respond to doses of Beta as a 
lymphokine and thus be immunologically reconstituted. The data 
above suggest that when the T-helper cell population falls below 
approximately 100 cells/ mm 3 , it may be difficult or impossible to 
reconstitute immunological function. 
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EXAMPLE 16 -- Increase of Immune Response 
Amplifiers are prepared and purified as de- 
scribed in Example 5, and are pooled, lyophilized, 
and redissolved in normal saline or other physio- 
logically acceptable vehicle. An effective dose 
(e.g., 0.1 ml containing a standard dose of Beta- 
1.0, which is the amount purified from 4 x 10"* leu- 
kocytes) is injected intradermally . Increased im- 
mune responsiveness is monitored by the patient's 
reactivity to an antigen to which he is known to be 
sensitive (e.g., tetanus toxoid), comparing reacti- 
vity before and after administering the amplifiers. 

Amplifiers are administered either individual- 
ly, or in combination, depending upon the desired 
effects. The persistence of the systemic modula- 
tion produced by administration of the amplifiers 
varies from patient to patient, and must therefore 
be monitored periodically with a suitable sensi- 
tivity test, e.g., as described above. Additional 
doses are administered as required to maintain a 
desired amplification of immunity based upon the 
professional judgment of the attending physician. 

EXAMPLE 16A - Chemotherapy 
A patient undergoing chemotherapy has a re- 
duced immune system response. The attending physi- 
cian is concerned that the patient may become sub- 
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ject to opportunistic infections and desires to in- 
crease the patient's immune system activity. The 
patient, an adult male, weighs 70 kgm. 

The physician determines a dosage amount of 
Beta-1.11 or 1.12, TG, or TGG, that in his or her 
medical judgment is appropriate. (For example, an 
effective dosage amount of Beta-1.11 or 1.12, as 
described above, or 60 pg of TG or 80 pg of TGG, 
every week.) This dosage is injected intradermally 
or subcutaneous ly. 

The patient's immune function is monitored by 
weekly blood tests measuring the patient's immune 
capability. Monthly testing by injection of a re- 
call antigen (such as tetanus toxoid) is also car- 
ried out. 

The physician monitors the patient's progress 
and increases or decreases the dosage, as indicated 
by his or her medical judgment. 

V. Use of Dermal Patch 

It has been found advantageous to cause dermal absorption of 
amplifier material, rather than inject it subcutaneously . Such 
administration is faster, requires less skill, and is somewhat 
less annoying to patients. Also, a dose of amplifier material may 
be administered more slowly by this route, so that there is a more 
long lasting therapeutic effect. Finally, since oral administra- 
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tion may not be feasible, this route of administration has more 
possibilities than others for eventual consumer self-medication 
upon need, as, for example, to immediately counteract the adverse 
effect of a stress situation on the person's immune system, or to 
treat a chronic case (such as rheumatoid arthritis, diabetes, or 
anergy due to age) in the interim between periodic medical 
monitoring. 

EXAMPLE 17--Patch Application of Amplifiers 

A patient suffering from immune system defi- 
ciency is treated with Beta-1-0 of preceding Exam- 
ple 5, as follows. The patient's forearm is 
cleansed with 70% isopropyl alcohol and permitted 
to dry. An emery board (drugstore type), which has 
previously been pre-sterilized by autoclaving, is 
used gently to abrade the patient's skin surface; 
the skin is stroked 5-6 times with the board. The 
skin area is recleansed with 70% isopropyl alcohol 
and permitted to dry. 

A medically determined dosage of Beta-1.0 is 
placed on the gauze portion of a small sterile ban- 
dage strip (e.g., Johnson Sc Johnson "Band-Aid" 1 "), 
approximately 25 ram x 15 mm, which is then applied 
over the abraded area. 

While a medically determined dosage is a mat- 
ter of the discretion of the prescribing physician, 
a standard dose of Beta is believed appropriate. 
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The same procedure may be used with Eta, Zeta- 
2, and other amplifier materials. 

VI- Vaccines and Diagnostics 

The amplifiers, either singly or in combination, can be used 
to produce an immune response to weak vaccines. Many pathogens, 
including several Staphylococcus varieties and fungi responsible 
for Histoplasmosis or Candidiasis, fail to provoke a strong immune 
response in certain patients. Moreover, there is no known satis- 
factory vaccine for conferring immunity on such patients. Such 
fungal infections are especially dangerous for patients subjected 
to cancer chemotherapy, or immunosuppressive drugs. 

It is possible to vaccinate patients against such pathogens 
by enhancing their immune response to these weak antigens . This 
is accomplished by concurrently administering an effective dose of 
the weak antigen and an effective dose of amplifier. Patients 
about to receive chemotherapy or transplant surgery can thus be 
vaccinated prior to treatment, to reduce their susceptibility to 
histoplasmosis or candidiasis. Used as described below, ampli- 
fiers are expected to expand the scope of preventative measures in 
medicine, and to enlarge the range of weak antigens which can be 
used for immunization. 

EXAMPLE 18 22 Vaccination 
Vaccine is preferably prepared by combining 
amplifier materials of Examples 4, 5, or 6 with 
antigens of the desired pathogen, prepared accord- 
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ing to known methods in the art to ensure adequate 
attenuation and sterility. The vaccine is then 
administered by standard procedures. The subject 
is thus immunized against the pathogen. 

The antigen may be chemically linked to the amplifier, in- 
stead of merely mixing the two products together, to assure appro- 
priate receptor site stimulation. The chemical linkage may be by 
means of a complex, covalent bond, ionic bond, or hydrogen bond. 

Since amplifier materials can accelerate the onset of DH 
reaction to antigen, it is possible to use them to provide a more 
rapid diagnostic test for determining whether a subject has been 
exposed to a given pathogen or other antigen. For example, a more 
rapid test for exposure to tuberculosis is desirable. It present- 
ly requires 24 to 36 hours to obtain a TB test result. That 
length of time requires that the test subject return to the clinic 
for a second visit, causing expense and inconvenience, or else the 
subject must mail in a post card (which may be inaccurate or unre- 
liable). The economic advantage of an accelerated diagnostic test 
is evident. 

EXAMPLE 18A -- Accelerated TB test 
Patient A is known to test positive to tuber- 
culin. Patient B is known to test negative. 

Preparation C is prepared, consisting of 0.5 
tuberculin units of Purified Protein Derivative 
(Parke Davis Tuberculin-Aplisol , PPD) in 0.2 ml sa- 
line. Preparation D is prepared by combining 0.1 
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ml of Preparation C with 0.1 ml of saline contain- 
ing approximately 10 femtograms (fg) of Beta-1.12. 

Patients A and B are each injected at two 
sites with 0.1 ml of Preparation C and 0.1 ml of 
Preparation D, respectively. The following dermal 
reactions (mm x mm) are observed with respect to 
Preparations C and D, respectively: 

Hours Patient A Patient B 

CD CD 
5 0 18x20 0 0 

8 0 16x18 0 0 

24 18x20 16x18 0 0 

36 16x18 10x12 0 0 

VII. Efficacy Data on More Highly 
Purified forms of Amplifier Beta 

Additional purification processes were described above, 
whereby Beta- 1.0 is more highly purified and made free from un- 
desired extraneous material, such as phenylalanine, thereby pro- 
ducing Beta-1.1, 1.11, and 1.12. In the DH tests of Examples 7, 
7A, and 7B, it was shown that one fg (10~ 15 g) of Beta-1.11 has 
approximately the effect of 5-10 fg of Beta-1.0. It may be anti- 
cipated, therefore, that the effective therapeutic dosage amounts 
of Beta-1.1, 1.11, and 1.12 (by weight) are lower than that for 
Beta-1.0, and also that more repeatable results are obtainable. 
(However, it should be noted that at this stage of knowledge about 
Beta-1.1, 1.11, and 1.12, it is not possible to conclude that the 
materials eliminated from Beta-1.0 to provide Beta-1.1, 1.11, and 
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1.12 have no function at all in the immunological system.) 

The following data suggest the greater intrinsic immunologi- 
cal activity of the more highly purified products. In general, it 
appears that 1 fg o£ the molecular species products, Beta-1.11 and 
1.12, is approximately equivalent in biological effect to 5-10 fg 
of Beta-1.0. That is suggested by the DH assay data of Examples 
7, 7A, and 7B , and the following data of Examples 19, 20, 21, and 
21A. In addition to the DH assay data of Examples 7A and 7B , 
three types of data have been developed for Beta-1.11 (the Tyr-Gly 
containing material). They are tests of: (1) in vitro IL-2 re- 
ceptor expression; (2) in vitro gamma-interferon production; and 
(3) in vivo clinical data for two ARC patients. 

EXAMPLE 19--Effect of Beta-1.11 on 
T-helper Cell Receptor Expression 

Serial dilutions of Beta-1.11 were prepared, 
beginning with a 1/1000 dilution and then serially 
diluting that further by factors of 1, 2, 4 . . . 
512. The 1/1000 dilution produces a preparation 
that is a 46.5 pM concentration of Beta-1.11, while 
the 1/512,000 dilution produces a preparation that 
is a 91 fM concentration of Beta-1.11. A tetanus 
toxoid (TT) preparation was prepared of strength 
0.1 flocculation unit (L f ) per ml. 

Cell cultures were prepared with the TT prepa- 
ration alone, and with the TT preparation combined 
with the serial dilutions of Beta-1.11. The cul- 
tures were incubated and mixed with a suitable an- 
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tibody against IL-2 receptors. Data for receptor 
expression was tabulated both for T-helper cells 
bearing a low density of receptors and for T-helper 
cells bearing a high density of receptors. (The T- 
helper cells bearing a high density of receptors 
are considered to be the ones that are immuno-. 
logically active.) The cells were from normal 
subjects. 

In the case of the TT preparation alone, 4.7% 
of T-helper cells expressed a low density of IL-2 
receptors and 0.40% of T-helper cells expressed a 
high density of IL-2: receptors. 

There was a plateau of maximal expression for 
T-helper cells bearing a low density of receptors 
from TT + 1/4000 Beta-1.11 (9-9%) to TT + 1/64,000 
(8.4%). The highest figure for high density of re- 
ceptors was at 1/512,000 (9.9%). This highest fig- 
ure occurred at a point where there was a steadily 
ascending curve. Accordingly, it is believed that 
if further dilutions of Beta-1.11 had been used a 
still higher figure would have been reached, before 
the percent began to drop. It is not possible to 
state, from this data, where the maximum would oc- 
cur, but it seems likely to be somewhere between 
1/1,024,00 (45 fM) and 1/4,096,000 (11 fM) . 

The low density plateau reflected an approxi- 
mately doubled expression rate of IL-2 receptors as 
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a result of Beta-1.11. The more relevant high den- 
sity maximum reflected an increase of IL-2 recep- 
tors by a factor of approximately 25 as a result of 
Beta-1.11, and that figure probably falls short of 
the increase that would result from using still 
more diluted Beta-1.11. 

EXAMPLE 20--Effect of Beta-1.11 on Antigen- 
Induced Production of Gamma Interferon 

Preparations of 0.1 L^/ml and 1.0 L^/ml TT 
were used to determine the effect of Beta-1.11 on 
production of gamma-interferon in normal cells. As 
before, serial dilutions of Beta-1.11 were prepared 
from 1/1000 to 1/512,000 (or 46.5 pM to 91 fM) . 

The 0.1 L f /ml and 1.0 L f /ml TT preparations, 
alone, respectively induced production of 1.0 and 
10.4 units/ml of gamma-interferon. 

0.1 L f /ml TT 1/256,000 Beta-1.11 produced 
29.8 units/ml, the maximum, and 0.1 L f /ml TT + 
1/512,000 Beta-1.11 produced 29^1 units/ml, so that 
the optimal dilution of Beta-1.11 here was between 
182 fM and 91 fM. 

1.0 L f /ml TT + 1/512,000 produced 25.6 units/ 
ml , the maximum. 

In the case of the 0.1 L^/ml TT preparation, 
the maximum was approximately 30 times the baseline 
amount (between 45 and 91 fM) . In the case of the 
1.0 L f /ml TT preparation, the maximum was approxi- 
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mately 2.5 times the baseline amount (at approxi- 
mately 91 fM) . 

In both TT + Beta-1.11 immunological tests, expression of 
high-density IL-2 receptors and antigen-induced production of 
gamma- interferon, the optimal concentration of Beta-1.11 appeared 
to be approximately 90 fM. These two assays are considered gen- 
erally indicative of immunological effect, and were found speci- 
fically correlated to clinical immunological effect in the case of 
other Beta materials from which Beta-1.11 is derived. I therefore 
conclude that the assays indicate a high probability that Beta- 
1.11 can produce in vivo amplifier effect in human subjects. 

I have developed data consistent with such inferences in 
tests conducted with two ARC patients who were treated with Beta- 
1.11. The dose used was 0.1 pg (= 100 fg) , every two weeks. 

EXAMPLE 21 - Three -month 
Dosage of Beta-1.11 

Patient A received a total of six doses of 0.1 
pg of Beta-1.11, given biweekly for approximately 
three months. His immune responsiveness was mea- 
sured by determining the reactivity of his lympho- 
cytes to pokeweed mitogen (PWM) . 

A baseline responsiveness was established be- 
fore treatment at 6241 units, hereinafter desig- 
nated as 100%, for comparison purposes. His sub- 
sequent PWM reactivity measurements are tabulated 
below: 
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Response after Dose No . Units 



Percent 



0 (baseline) 



6241 
14,027 
13,875 
12,058 
11,753 
10,358 



100% 

225 

222 

193 

188 

166 



1 
2 
3 
4 
5 



It was also observed that A regained his DH 



reaction to tetanus toxoid as a result of treatment 



with Beta-1.11. 



The trend of observed PWM reactivity suggests that 0.1 pg was 
an excessive dose, at least for this patient. That is, once the 
initial doses of 0.1 pg began to reconstitute A's immune system, 
further doses of 0.1 pg produced a higher than optimal concentra- 
tion of the material in-A's body. The inventor has observed that 
there is an optimal dosage of amplifier, and that doses above or 
below the optimum amount produce less amplifier effect than the 
optimal dose does (see, e.g., '379 patent, col. 13-14, 16-17). 



series of standard doses of Beta-1,0 to reconsti- 
tute his immune system. He -was then given biweekly 
doses of 0.1 pg of Beta-1.11 for a total of four 
doses • 

His immune function was measured by determin- 
ing PWM reactivity, as in the case of Patient A. 
His reactivity throughout remained at slightly 
below normal levels. His DH response to tetanus 



EXAMPLE 21A - Two -month 
Dosage of Beta-1.11 

Patient B had previously been treated with a 
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toxoid also remained at slightly below normal 
levels . 

The data for Patient B suggests that 0.1 pg was approximately 
the correct dosage amount for this patient (i.e., an effective 
dosage amount) . 

Both in vitro and, in vivo tests have been made of the syn- 
thetically derived immunoamplifier products Tyr-Gly and Tyr-Gly- 
Gly. The following data is illustrative. The bulk of data ob- 
tained by the inventor suggests that the synthetically derived 
dipeptides and tripeptides are less immunologically active than 
the naturally derived products Beta-1.11 and 1.12, on a weight 
basis. 

EXAMPLE 22 - TGG DH test 

Purified TGG of Example 6C was dissolved into 

sterile saline, to a final concentration of 3 x 
-13 

10 M. That preparation was designated as Prepa- 
ration A. Further 1:10 successive dilutions were 
prepared from Preparation A, resulting in Prepara- 
tions B, C, and D, with the following molar concen- 
trations of TGG: 

A B C D 

3xl0" 13 3xl0" 14 3xl0" 15 3xl0~ 16 . 

Samples of 0.1 ml each were injected intrader- 
mal^ into a recipient test subject, in combination 
with an antigen to which the recipient had previ- 
ously been shown to be sensitive. The antigen em- 
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ployed was 0.05 ml of tetanus toxoid (1/20 dilution 
of standard fluid tetanus toxoid, Squibb/ Con- 
naught). In addition, the same amount of tetanus- 
toxoid antigen was injected in combination with 0.1 
ml of normal sterile saline without any ICG, as a 
control (Preparation E) . After 6," 10.5, and 23 
hours, respectively, the injection sites were ex- 
amined and the dimensions of the lesions (mm x mm) 
were as follows: (The test subject, a normal adult 
human male, weighed approximately 70 kg.) 

Prep . Cone. 6 hrs . 10.5 hrs . 23 hrs . 

15 x 15 

16 x 18 
18 x 17 
10 x 11 
13 x 12 

As an additional control, 0.1 ml of TGG, Pre- 
paration C, above, was injected into the test sub- 
ject without antigen. No reaction was observed 
over a 48 hour period. 

It is seen from the preceding data that 0.1 ml of 3 femto- 
molar solution (1 femtomole = 1 x 10~ 15 GMW; 1 femtomolar = 1 x 
10 15 M; both are abbreviated hereinafter as 1 fM) at 10.5 hours, 
which is a total dosage amount of 3 x lO" 1 ^ moles, produces the 
maximum response. Dosages of 0.1 ml of 30 fM and 300 fM solutions 
produce less effect .than 0.1 ml of 3 fM solution, because increas- 
ing the dosage beyond the optimum produces a paradoxical effect, 
viz., lessened immune reaction with creasing amplifier dosage. 
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Similar effects are noted in the inventor's f 379 patent. It is 

also seen from this data that decreasing the dosage from 3 fM to 

0.3 fM produces less lesion, since 3 fM is approximately optimum 

for maximum immune effect in this test. 

The great sensitivity of the human immune system to TGG is 

shown by these tests. A dose of 0.1 ml of 3 fM solution of a 

therapeutic agent is a very minute dose (0.0003 femtomoles) . One 

-9 

femtomole of TGG is approximately 277 x 10 micrograms. A quan- 
tity of one picomole (1 pM » 1 x 10 GMW) of TGG is approxi- 
mately 277 x 10"^ micrograms. 

EXAMPLE 23 - IL-2 in vitro test 
Tests were carried out to determine the abil- 
ity of TGG to stimulate in vitro production of IL-2 
in response to mitogen stimulation, in normal sub- 
jects. The mitogen PHA (Wellcome Reagents HA 16) 
was used, with and without TGG added to the sample. 
The production of IL-2 in response to mitogen was 
characterized by the existence of the same optimal 
concentration phenomenon (paradoxical effect) de- 
scribed above. Data was collected to show the ra- 
tio of PHA-stimulated IL-2 production with TGG ad- 
ded to PHA- stimulated IL-2 production without TGG 
•> 

added. 

In subject ffl, the ratio at optimal concentra- 
tion of TGG was 1.45. In subject //2, the ratio at 
optimal concentration of TGG was 2.55. It is be- 
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lieved that this data shows a significant effect of 
TGG on mitogen-stimulated IL-2 production. 

IX. Discussion of Preceding Data 
On the basis of the foregoing data, it is possible to charac- 
terize Beta-1.0 and the other amplifier materials of this inven- 
tion more precisely. It is also possible to describe more pre- 
cisely the procedures for purifying them and separating them from 
one another and from other materials. 
A. HPLC/O.S. Elutability Data 

These amplifier materials are all characterized by being O.S. 
elutable with an acetonitrile-in-phosphate gradient of appropriate 
pH. (As used hereinafter, M 0.S. elutable 11 with an acetonitrile- 
in-phosphate gradient means: capable of being eluted from octade- 
cyl silane by means of reverse-phase high pressure liquid chroma- 
tography with an acetonitrile-in-phosphate gradient of increasing 
acetonitrile concentration. This definition is similar to that 
found in col. 15 of the f 379 patent.) 

The property or parameter of being O.S. elutable under cer- 
tain conditions permits the further characterization and separa- 
tion of these amplifier materials because they can be ordered in 
terms of their relative elutability. Beta-1.0, for example, is 
O.S. elutable in the portion of the gradient containing only .0.4- 
1.5% acetonitrile in the effluent. Amplifier Zeta-2 is O.S. elut- 
able only in a much greater concentration of acetonitrile, and sd 
on. As discussed below, this fact provides information about the 
chemical constituents of the molecule . Moreover, it appears that 
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to effectuate the same elution in a more acid solution a higher 
acetonitrile concentration is required, which suggests some guide- 
lines for future trial and error development of additional HPLC 
gradient systems. 

Each of these amplifier materials can therefore be charac- 
terized in terms of several parameters : 

(1) the given amplifier material is primarily O.S. 
elutable in a specific zone of the gradient, from lower 
acetonitrile concentration limit _a_ to upper concentration 
limit b; 

(2) The amplifier material is primarily not O.S. elut- 
able in the zone of the gradient below a; 

(3) the amplifier, when properly purified from extra- 
neous material, is substantially free of material that is 
O.S. elutable in the zone below a; 

(4) the amplifier, when properly purified from extrane- 
ous material, is substantially free of material that is 
O.S. elutable primarily in the zone above b; and 

(5) for any given amplifier material there may be an 
inverse correlation between gradient pH and acetonitrile 
concentration defining the elution zone of the gradient. 

The third and fourth .items are explained in the '379 patent 
(at col. 15), and said discussion is incorporated herein. 

As indicated earlier, following Example 3, one must distin- 
guish between input solvent concentration for a gradient and out- 
put or effluent solvent concentration. The latter is always some- 
what lower, at a given moment. Since the former is not an invari- 
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ent, input concentration figures must always be stated very ap- 
proximately, and depend on the other operating parameters. Input 
concentration figures are also a matter of choice, to some extent. 
That is, in order to assure that there is an effluent concentra- 
tion zone including percentages ja_ through b_ it is necessary, at 
least in principle, only to start the gradient below _a_ and end it 
above _b_. But when the gradient ends just barely above J>_, it can 
take an indefinitely long time (because of a lag effect) for the 
effluent solvent concentration to reach _b_. Accordingly, a person 
skilled in this art will select a gradient ending sufficiently be- 
yond J>_ to accomplish the separation in a reasonable time and at a 
reasonable labor- cost . 

Some information about the nature of the molecule is provided 
by the HPLC data. In reverse phase HPLC, non-ionic compounds el- 
ute in reversed order of polarity. The most polar compound elutes 
first. Thus, Beta should be more polar than Zeta-2 since Beta 
elutes first. Generally speaking, a molecule X to which is added 
a hydrocarbon or hydrophobic group, such as alkyl or benzyl, will 
be less polar than the same molecule X to which is added a hydro- 
philic group, such as an NH 2 or C00H group. Thus, Beta is likely 
to have a more hydrophilic component than Zeta-2; Zeta-2 is more 
likely to have a relatively greater hydrocarbon composition than 
Beta (or else more carbon-carbon double bonds, or both). 

The Beta 1.11 material associated with a Tyr-Gly dipeptide 
material elutes after the Beta 1.12. material associated with a 
Tyr-Gly-Gly tripeptide material. This appears to be true for both 
the natural materials and the synthetically derived chemicals. 
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This represents anomalous elution behavior since, in general, 
smaller molecules bind less tightly to O.S. columns and are there- 
fore likely to elute earlier than larger molecules- However, rel- 
ative hydrophobicity also plays a role. The Tyr group has a ben- 
zene ring, which tends to be hydrophobic, and Tyr constitutes a 
relatively larger portion of Tyr-Gly than it does of Tyr-Gly-Gly. 
B, Ultraviolet absorption data 

Furthermore, any given amplifier can be characterized in 
terms of the ultraviolet absorption profile (hereinafter "UVAP") 
associated with the HPLC system and the position of the amplifier 
in that profile (hereinafter "UVPP," ultraviolet profile posi- 
tion) . UV absorption is known to be associated with particular 
types, of molecular bonds. For example, absorption at 210 nm and 
285 nm are each associated with peptide bonds, among others; and 
absorption at 254 nm is associated with the presence of a carbon 
ring group, among other things. Hence, UVAP data provides both a 
repeatable "f ingerprint n for, or a "pointer" to, elution of a mol- 
ecule whose structure may be unknown, and UVAP data also indicates 
the possible chemical groups present in a molecule. 

I have found the UVAP and UWP to be good indicators in the 
processes described hereinabove, and as a practical matter they 
have been quite satisfactory as as tools that permitted me to make 
purifications that repeatably yielded pharmaceutical^ useful 
products. It is believed that UVAP and UVPP are coming to be rec- 
ognized by those skilled in this art as a useful means of charac- 
terizing biologically active substances that are difficult to 
refine or purify down to the molecular level. In this regard, 
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UVAP/UVPP is a parameter of the physical and chemical nature of 
the product analogous to its M.W., solubility in particular sol- 
vents, smell, taste, and other parameters short of a molecular 
diagram of the structure of the product; and it is highly appro- 
priate to use UVAP/UVPP to identify and characterize a product in 
a way that can distinguish it from pther products. 

Figures 1 to 3 will assist those of skill in the field to 
recognize where particular materials will elute, despite varia- 
tions in HPLC parameters, in that the figures provide at the very 
least an "I know it when I see it" criterion. In the discussion 
that follows, a more precise characterization of the amplifier 
materials of this invention in terms of the UVAP is set forth. In 
the final portion of this specification, immediately preceding the 
claims, the terms "UVAP" and "UVPP" are defined more specifically 
as they are used in the claims. 
C. Amino acid sequence data 

Finally, at least insofar as the various Beta materials are 
concerned, there is amino acid sequencing data indicating that the 
only amino acid residues present in Beta in substantial amounts 
and associated with intrinsic amplifier activity are Tyr and Gly. 
Hence, the active components of Beta may properly be considered 
the dipeptide Tyr-Gly and the tripeptide Tyr-Gly-Gly, or deriva- 
tives thereof. (By "derivative" is meant a methylated, acetyl- 
ated, hydroxylated, etc. form of the molecule, or an ester, or an- 
other molecule derived from the stated molecule. The concept is 
particularized in more detail below.) 
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D. Description of amplifiers 

The foregoing descriptive and characterization data for the 
amplifier materials of this specification can be summarized and 
explained as follows : 

Beta 

Beta has both an accelerating and augmenting effect on the DH 
skin response of recipients sensitive to a given antigen. See Ex- 
ample 7. The reactions produced by Beta administered with antigen 
reach peak intensity at about 6 to 24 hours after intradermal in- 
jection and fade, rapidly thereafter. (In contrast, normal DH re- 
sponse, in the absence of amplifier, reaches a peak 24 to 30 hours 
after injection of antigen.) Maximal amplifying activity is ob- 
servable at an optimum concentration, with greater or lesser con- 
centrations than the optimum giving a reduced amplification of DH 
response. 

Beta is O.S. elutable between approximately 0.4% to 1.5% 
(v/v) acetonitrile concentration. That is in the portion of the 
pH 5 acetonitrile-in-phosphate HPLC gradient where the effluent 
has a refractive index of from approximately 1.330 to 1.333. Beta 
is characterizable in terms of its ultraviolet absorption profile 
(UVAP) in the pH 5 process as a material that is associated with a 
distinct peak following a doublet peak (Alpha) and preceding a 
distinct broad lower peak (Gamma) or a shoulder (also Gamma) on 
its own peak. Gamma is followed by an interval (trough) without 
substantial ultraviolet absorption. 

The intrinsically active component or components in Beta pass 
through a dialysis membrane having a nominal M.W. cutoff of 3500. 
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In this relatively less purified form, Beta may be the same as, or 
a moiety of, Amplifier 1 of the '379 patent. 

The principal active component of Beta has been designated 
herein as Beta- 1.11. This product appears to be the dipe.ptide 
Tyr-Gly, which has M.W. 239. Another component found in Beta is 
Beta-1.12, which has been identified with the tripeptide Tyr-Gly- 
Gly, which has M.W. 295. As stated above, however, Beta- 1.11 and 
1.12 may be complexed with one another and/or ions such as Zn++, 
so that they cannot be considered necessarily to be the dipeptide 
and tripeptides, per se. The possibility of isomers must be con- 
sidered, as well, and so too must addition of other groups (e.g., 
methyl, acetyl, amide). However, it can be concluded that the 
products consist "essentially 11 of Tyr-Gly and Tyr-Gly-Gly, whether 
in that form alone or in association with other groups. 

Beta has been purified as described above and then subjected 
to the ethanol-water HPLC process of the f 379 patent. The results 
show elution of Beta-1.1 in the same region of the gradient as Am- 
plifier 1 of the '379 patent. This suggests, but does not estab- 
lish, that Beta-1.1 is Amplifier 1 or a moiety thereof. It is 
also possible that Beta-1. Given the present state of informa- 
tion, it is not possible to determine the exact relationship be- 
tween Amplifier 1 and the Beta moieties. It may be that Beta-1.1 
represents part of Amplifier 1, while other amplifiers described 
herein, such as Zeta, are other parts of Amplifier 1. 

Delta 

Delta causes augmented and prolonged response to antigen. 
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See Example 8. Delta's biological activity is generally similar 
to Beta's. 

Delta elutes from the pH 5 gradient where the acetonitrile 
concentration is approximately 2.8 to 3.3%. Delta is characteri- 
zable in terms of its UVAP in the pH 5 process as the first dis- 
tinct peak in a group of three peaks following the space (trough) 
in the absorption profile after the Gamma peak or shoulder. How- 
ever, Delta is not always recovered separately in the pH 5 pro- 
cess, particularly if the pH deviates from 5.0. Presumably the 
molecules in Delta are less polar in structure than those of Beta, 
since the latter elute first. 

Delta is not recoverable from the 2.5 pH trif luoracetic acid 
cleanup process of Example 5. It may have bonds susceptible to 
acid hydrolysis. 

Zeta 

Zeta also causes both an accelerated and augmented response 
to antigen, and is generally similar to Beta in activity, although 
the degree of acceleration is somewhat less rapid than the re- 
sponse to Beta. Maximal amplifying activity with Zeta, as with 
Beta, is observable only at an optimum concentration, with greater 
than optimal concentrations giving reduced amplification or even 
suppression of the DH response. 

Zeta is O.S. elutable in the portions of the pH 5 acetoni- 
trile -in-phosphate gradient between approximately 3.5 to 4.1%, 
where the refractive index of the effluent is from approximately 
1.344 to 1.345. Zeta is characterizable in terms of its UVAP in 
the pH 5 process as the last of a distinct group of three peaks 
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(two, if Delta fails to come off) following the space (trough) in 
the absorption profile after the Gamma peak or shoulder, and pre- 
ceding either a shoulder (Eta) on a distinct broad peak (Theta) or 
else preceding a small peak (Eta) followed by a distinct broad 
peak (Theta). In the cleanup process of Example 5, Zeta-2 is the 
third major peak. 

Presumably the molecules in Zeta-2 are less polar in struc- 
ture than those of Delta, since the latter elute first. By the 
same token, Zeta-2 is less polar than Beta (or than Tyr-Gly or 
Tyr-Gly-Gly) . As indicated above, Zeta may be a component of the 
amplifier previously identified as Amplifier 1. 

Eta 

Eta also causes both an accelerated and augmented response to 
antigen, and is generally similar to Beta, although the degree of 
acceleration appears to be somewhat less rapid than the response 
to Beta. 

Eta is O.S. elutable in the portions of the pH 5 acetoni- 
trile-in-phosphate gradient between approximately 3.7 to 4.4%, 
where the refractive index of the effluent is from approximately 
1.347 to 1.353. Eta is characterizable in terms of its UVAP in 
the pH 5 process as following the last (Zeta) of a distinct group 
of three (two, if Delta fails to come off) peaks following the 
space (trough) in the absorption profile after the Gamma peak or 
shoulder, and as being a small broad peak or a shoulder preceding 
(or included in) a distinct broad peak (Theta) . 

Presumably the molecules in Eta-1, the more highly purified 
form of Eta, are less polar in structure than those of Zeta-2, 

Dr. A. Arthur Gottlieb, Immunoamplif iers , Pat. App. Page 65 

8/18/06, EAST Version: 2.1.0.14 



0 230 052 



since the latter elute first. 

Pi 

Pi also causes both an accelerated and augmented response to 
antigen, generally similar to Beta. Pi is O.S. elutable in the 
portions of the pH 2.5 acetonitrile-in-phosphate gradient between 
approximately 12.0 to 13.5%. Pi is characterizable in terms of 
its UVAP in the pH 2.5 process as a doublet peak in the fifth 
position among nine peaks. Typically, Pi is preceded by a higher 
peak (Omicron) and followed by two close, higher peaks (Rho and 
Sigma). The Omicron peak is preceded by a deep trough. 

Sigma 

Sigma also causes both an accelerated and augmented response 
to antigen, generally similar to Beta, although the degree of ac- 
celeration appears to be somewhat less rapid than the response to 
Beta. Sigma is O.S. elutable in the portions of the pH 2.5 aceto- 
nitrile-in-phosphate gradient between approximately 14-0 to 14-5%. 
Sigma is characterizable in terras of its UVAP in the pH 2.5 pro- 
cess as the seventh of nine peaks, typically preceded very closely 
by a higher peak (Rho) and followed by a lower peak or trailing 
shoulder (Tau) and then a distinct high peak (Upsilon) . It is 
possible that Sigma of the pH 2.5 process may be the same material 
as Beta of the pH 5 process. 

Presumably the molecules in Sigma are less polar in structure 
than those of Pi, since the latter elute first. 

Upsilon 

Upsilon causes an augmented DH response and is generally sim- 
ilar to Beta in activity. See Example 9. Upsilon elutes at ap- 
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proximately 15-8 to 16.0 acetonitrile concentration in the pH 2.5 
process. 

Upsilon is characterizable in terms of its UVAP in the pH 2.5 
process as the ninth of nine peaks, following a descending profile 
trailing the seventh peak (Sigma); the descending profile is in- 
terrupted by a lesser peak or a shoulder (Tau) . It is possible 
that Upsilon of the pH 2.5 process may be the same material as 
Delta of the pH 5 process. 

Presumably the molecules in Upsilon are less polar in struc- 
ture than those of Sigma, since the latter elute first. 

GENERAL CONCLUDING REMARKS 

The above described amplifiers of the immune system regulate 
the immune response, directly with respect to cell mediated immu- 
nity and perhaps indirectly affecting humoral immunity as well. 
The materials have been prepared with a high degree of purity such 
that their properties have now been characterized and shown to be 
entirely and unexpectedly different from transfer factor and from 
partial fractionations of transfer factor reported in the prior 
art. Furthermore, the materials of this invention have been puri- 
fied sufficiently to permit their administration to human subjects 
to produce beneficial effects, which has produced beneficial re- 
sults without known harmful side effects. 

Some of the materials disclosed and claimed herein are de- 
fined largely in terms of their biological activities and physical 
properties, because that is the type of data that exists at this 
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time. The materials do not necessarily consist of single mole- 
cules or chemical entities, although their discovery has led to 
the discovery of a dipeptide and a tripeptide chemical (Tyr-Gly 
and Tyr-Gly-Gly, respectively) molecule having intrinsic amplifier 
activity in vitro and in vivo. Some of the constituents present 
in partially purified products lack intrinsic amplifier activity, 
but they may play some role in facilitating the amplifier activity 
of the components shown to have intrinsic activity. 
Products 

The amplifier materials herein described are medically useful 
for the treatment of patients suffering from a variety of hypoim- 
mune conditions. Among other conditions, AIDS and ARC appear to 
respond favorably to amplifier treatment. A large number of clin- 
ical tests on individuals suffering from AIDS and ARC show signif- 
icant clinical improvement as a result of administration of Beta 
moieties. Furthermore, there have been no reports of toxic ef- 
fects from administration of these amplifier products, so that 
they appear particularly promising for therapeutic use. 

It is especially significant that these materials may be iso- 
lated from normal individuals, rather than from specific identi- 
fied donors, so that large-scale purification from pooled sources 
is feasible. Moreover, the invention includes the discovery that 
some amplifier material contains low-M.W. peptide products as 
intrinsically active components. That discovery opens the way to 
basically chemical, rather than basically biological, preparation 
of amplifier compositions. As described in detail below, that 
discovery also pa!ves the way to molecular manipulation of the 
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products already discovered, in order to improve their pharmaceu- 
tical properties. It is also considered, therefore, that the in- 
vention includes the products of molecular manipulation suggested 
hereinafter. 

The invention is considered to include the therapeutic use of 
the products, and also the pharmaceutical compositions in which 
the products are the active ingredients, 
HPLC processes 

The invention is also considered to include the novel pro- 
cesses for purification and extraction of these new materials, de- 
scribed herein. The development of several HPLC acetonitrile pro- 
cesses has provided some general principles for determining the 
identity of other similar systems- Accordingly, the scope of the 
invention includes other HPLC systems in conformity with, or using 
the teachings of, such principles. The principles are summarized 
as follows: 

First, it is not critical what the exact shape of the gradi- 
ent is. Rather, it is important to determine where in the gradi- 
ent the materials of interest come off the column. That part of 
the gradient should not be crowded, so that dc/dt, where _c_ repre- 
sents solvent concentration, should have a relatively low value at 
the points where materials of interest come off (and preceding 
such points, because of the lag effect previously mentioned). 
Therefore, the gradient curve should be relatively flat at and 
before points where useful material comes off or where a separa- 
tion of materials is desired- If a single gradient curve meets 
this requirement, it may be selected. Otherwise, a series of 

Dr. A. Arthur Gottlieb, Immunoamplif iers , Pat. App. Page 69 



8/18/06, EAST Version: 2.1.0.14 



0 230 052 



curves should be joined (as in Examples 4 and 6). 

Also, as previously indicated, when an input gradient is spe- 
cified in terms of solvent concentrations, the range is approxi- 
mate because of the lag factor, and the appropriate range will 
therefore vary depending on both other operating parameters and 
how long the user wants to permit the process to take, (For exam- 
ple, in the procedure of Example 6A, a OX to 50% gradient was used 
to elute Beta- 1.0 material that comes off the column in an efflu- 
ent with a solvent concentration of approximately 0.1X to 0-4%. 
The gradient could instead have been programmed from OX to 25X or 
10X or 5%, and eventually the 0.4X point would be reached, given 
enough time.) 

In determining how to use a gradient, the parameters of re- 
tention t ime and UVAP (discussed below) are helpful in realizing 
reproducible results . Because retention time shifts with the age 
of a column, it may be useful to calibrate it with a known marker, 
as is explained above in the Beta-1.11 process where purified com- 
mercial Tyr-Gly-Gly can be used as a marker. 

Second, the pH must be adjusted to provide a good yield for 
the solvent system used. As previously indicated, there appears 
to be an inverse correlation of pH and acetonitrile concentration 
for effective separation in this process. The precise pH adjust- 
ment is a matter of trial and error. 

Third, phosphate buffer has been found effective for this 
procedure, at 0.02 M. If a different concentration of buffer is 
used, or a different acidic ion such as acetate or sulfate, then 
the solvent concentrations and the proper adjustment of pH will be 
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different. Compare Examples 4, 5, and 6, which illustrate this. 

Fourth, a relatively basic buffer (see Example 4) leaves ion- 
ic contaminants and extraneous material in the fractions of inter- 
est. The former may have to be removed (see Example 5). On the 
other hand, a relatively acidic buffer may destroy some materials 
of interest (see Example 5). Thus, there is a tradeoff. 

Finally, in evaluating a particular gradient, the ultraviolet 
absorption profile (UVAP) is very helpful in determining whether a 
good separation is being achieved. (This point is described in 
further detail below, in connection with determining the identity 
of an effluent by means of its UVAP position. 

While the invention has been described in connection . with 
specific and preferred embodiments thereof, it will be understood 
that it is capable of further modifications without departing from 
the spirit and scope of the invention. This application is in- 
tended to cover all variations, uses, or adaptations of the inven- 
tion, following, in general, the principles of the invention and 
including such departures from the present disclosure as come 
within known or customary practice within the art to which the in- 
vention pertains. 

DISCUSSION OF TERMINOLOGY OF 
CLAIMS PRESENTED FOR EXAMINATION 

The claims presented hereinafter utilize the terminolgy em- 
ployed hereinbefore. The lexicography, insofar as it differs at 
all from ordinary usage is based on the preceding disclosure and 
should be understood in the light thereof. The following discus- 
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sion further particularizes some aspects of the terminology and 
lexicography used in the claims. 

The term "pH-adjusted" refers to alteration of pH with base, 
acid, or buffer, such as in Examples 4, 5, and 6. The term "aque- 
ous -phosphate-solution 11 refers to an alkali or alkaline earth 
(strong base such as K, Na, Ca, Mg, etc.) phosphate buffer or 
solution, such as that described in Examples 4 and 6. 

Concentration percentages for gradients are expressed on a 
(v/v) basis. When the word "approximate 11 is used to describe the 
input concentration of a solvent in a gradient, the figure stated 
is based on considerations described above, which make the concen- 
tration used to a considerable extent a matter of operator choice. 
As indicated above, the upper limit can in principle be reduced to 
almost the upper limit of desired effluent concentration, but this 
will occur at the expense of time and therefore increased labor 
costs and lower throughput in a given time. Such expedients will 
be inconvenient, but will work, albeit not in what the inventor 
considers the best mode of practicing the invention. Hence, such 
expedients should be considered within the spirit and scope of the 
invention, and within the concept of the word "approximately" (or 
else as constituting an equivalent to the stated percentages) . It 
should be noted that in product claims the input gradient's sol- 
vent concentration figures are stated in relation to an input gra- 
dient that can elute the desired product. Therefore the stated 
concentration limit does not exclude the possibility (indeed, it 
is a fact) that the same product can also be eluted with a some- 
what narrower or broader input gradient range. 
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The term "extraneous material" refers to material not having 
the amplifier activity to which the invention is directed, or at 
least not having intrinsic amplifier activity. 

The term "UVPP" ("ultraviolet profile position") is used to 
characterize amplifier materials in terms of where they come off 
the HPLC column, in relation to other materials coming off the 
column, and using the shape of the ultraviolet absorption profile 
(UVAP, as defined above) as the frame of reference. Thus, to give 
a hypothetical example, if the UVAP of a process resembled the 
profile of a human face, one could define a particular material as 
that material which eluted when the ultraviolet absorption reading 
for the effluent corresponded to the tip of the nose on the hypo- 
thetical ultraviolet absorption profile (UVAP) . The UVPP of that 
particular material would be: "at the tip of the nose," meaning 
that the material is associated with the tip of the nose part of 
the hypothetical UVAP. 

The UVPP of the hypothetical material would remain recogniza- 
ble, even though the profile were modified by an increase or de- 
crease in flow rate or by a change in gradient curve, as is shown 
for actual materials of this invention by Figures 1A through 1C. 
To those skilled in the art, the topological characteristics of 
the profile would make it recognizable despite the distortions in- 
troduced by modifying the gradient, and the tip of the nose posi- 
tion could still be located. 

Hence, the term "UVPP" as used in the claims . refers to the 
topological characteristics (and to some extent also the relative 
magnitudes of ultraviolet absorption peaks) of the ultraviolet ab- 
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sorption profile of the effluent passing the ultraviolet absorp- 
tion detector of the machine, in the course of an HPLC procedure 
wherein solvent concentration monotonically increases with time. 
The characteristics are expressed relative to the characteristics 
of materials eluting nearby in the gradient in the course of the 
procedure. UVPP must be stated with reference to a specific sol- 
vent system gradient, such as an acetonitrile-in-aqueous-phos- 
phate-solution of a particular pH, and also should be stated with 
reference to a particular UV wave length or frequency, such as 210 
nm. (Most data used herein is with reference to 210 nm, because 
that wave length is typically associated with a known peptide 
bond . ) 

UVPP data has been provided above in the "Discussion of Pre- 
ceding Data" section of the specification, in the descriptions of 
the individual amplifier materials. As noted previously, material 
passes the ultraviolet absorption detector slightly before leaving 
the column (e.g., 48 seconds earlier for a 1 ml/min flow rate and 
a 0.8 ml volume of post-detector tubing) in the equipment de- 
scribed hereinabove. 

The term "O.S. elutable 11 is explained in detail in the part 
of the specification following Example 18. The phrases " primarily 
O.S. elutable in" and "largely free from material O.S. elutable 
in" specified zones of a gradient are used at times. That a mate- 
rial is "primarily O.S- elutable in" a particular zone of a gra- 
dient means that at least 51% of the material in question is O.S. 
elutable in the specified gradient zone. That a material is 
"largely free from material O.S. elutable in" a particular zone of 
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a gradient means that less than 10% of the material in question 
consists of material O.S. elutable in the particular zone* 

The term "starter amplifier preparation 11 refers to partially 
purified amplifier or modulator material, such as that described 
in Examples 1-4- The term "ACTF 0.1% gradient 11 means an acetoni- 
trile-in-trifluoroacetic-acid-solution gradient^ wherein said tri- 
fluoroacetic acid is approximately 0.1% (v/v) , the pH thereof is 
adjusted to approximately 2.5, and the input acetonitrile concen- 
tration for said gradient includes the range from approximately 
slightly above 0% to approximately 25%. The term "ACTF 0.05%. 
gradient 11 means an acetonitrile- in-tr if luoroacet ic-ac id-solution 
gradient wherein said trif luoroacetic acid is approximately 0.05% 
(v/v), the pH thereof is adjusted to approximately 2.5, and the 
input acetonitrile concentration for said gradient includes the 
range from approximately slightly above 10% to approximately 30%. 

References are made in the claims to polypeptide molecular 
species and to polypeptide, tripeptide, and dipeptide materials. 
As these terms are used in the claims, they refer to molecules 
that contain a plurality of amino acid residues (i.e., polypep- 
tide, tripeptide, or dipeptide amino acid residue sequences, re- 
spectively) but other groups or moieties may be chemically joined 
or linked thereto. The linkage may be by complex, covalent bond, 
ionic bond, or hydrogen bond. Such other groups may include, by 
way of example and without limitation, methyl, ethyl, acetyl, hy- 
droxyl, C00H, amide, pentose, and metal ions such as Zn++, Ca++, 
Mn++, and Mg++; esters may also be present. For example, when 
reference is made to molecular species that are polypeptide mate- 
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rials the latter term could include all of the following molecular 

species (some hypothetical), among others: (1) Tyr-Gly, (2) 

Tyr-Gly-COOC 2 H 5 , (3) CH 3 -Tyr-Gly, (4) Tyr-Gly-Gly, (5) HOOC-Tyr- 

Gly-Gly, (6) Tyr-D-Ala-Gly , (7) Tyr-Gly-D-Ala-HCl , (8) Gly-Tyr- 

Gly-Ile, (9) (CHj) -T^r-D-Ala-Gly-Gly-Leu-C 2 H 5 , 

CH~ H-N OH OH CHoCO 

/ 3 2 / 3 / 

(10) (Tyr-Gly) Zn-H-(Tyr-Gly) , (11) (Tyr-Gly) Zn-H-(Tyr-Gly-Gly) - 

(It will be appreciated, of course, that all of the groups pres- 
ent, including those nonpeptides chemically joined to peptide 
groups, must be pharmaceutical^ or biologically acceptable.) 

Of the listed examples of molecular species, each is a poly- 
peptide material, as that term is used in the claims, and so too 
is any mixture or complex of two or more of them. Examples (1) to 
(3) are dipeptide materials, and so too is a mixture of them. Ex- 
amples (4) to (7) are each tripeptide materials, and so too is a 
mixture of them. Example (10) is a dipeptide material complexed 
to another dipeptide material; example (11) is a dipeptide mate- 
rial complexed with a tripeptide material. 

As used in the claims, a dipeptide material complexed with 
another material, such as another dipeptide material, a tripeptide 
material, or a nonpeptide, is still a dipeptide material. Simi- 
larly, a tripeptide material complexed with another material, such 
as a dipeptide material, a tripeptide material, or a nonpeptide, 
is still a tripeptide material • Hence, a reference to a product 
wherein a particular constituent is a dipeptide material would 
include those products where the constituent in question is a di- 
peptide material complexed with some material. 
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When peptide sequences are enumerated, the usual convention 
of starting from the N-terminal end is used. The other end (last 
stated residue) is the C-terrainal end. For example, in example 
(9), a methyl group is at the N-terminal end (where Tyr is) and an 
ethyl group is at the C-terminal end (where Leu is) . Examples (3) 
and (9) are N-methylated materials, i.e., an N-methylated Tyr-Gly 
material and an N-methylated pentapeptide material, respectively. 
Example (2) is an esterified Tyr-Gly material, esterified with an 
ethyl group at the C-terrainal end. (The COO belongs to the Gly 
amino acid residue and is from the C-terminal COOH normally found 
at the end of the last amino acid residue of a polypeptide.) 

Examples (1) to (5), (7), and (8) contain Tyr-Gly amino acid 
residue sequences; examples (6) and (9) contain Tyr-Gly amino acid 
residue sequences into which a D-aminoacid residue has been in- 
serted. Examples (4) and (5) contain Tyr-Gly-Gly amino acid resi- 
due sequences; example (9) contains a Tyr-Gly-Gly amino acid resi- 
due sequence into which a D-aminoacid residue has been inserted. 

It is anticipated that synthetic versions of the naturally 
occurring polypeptide materials described herein will be developed 
on the basis of further analytic work that is built on the infor- 
mation disclosed herein, and that such synthetic materials, if 
purified from unacceptable contaminants, may be used in place of 
the natural materials derived from human leukocyte extracts. For 
example, it is known that absorption rate and blood level of phar- 
maceuticals can be improved by molecular modifications of a natu- 
ral or earlier-discovered form of a product, and the historical 
literature contains numerous instances. Thus, chlortetracycline 
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was des chlorinated to provide an improved tetracycline product; a 
bond in clorothiazide was saturated to produce hydrochlorothia- 
zide, thereby lowering the effective dosage amount by a factor of 
ten; and numerous synthetic forms of penicillin were provided by 
modifying the side chain attached to the beta lactam ring, such as 
by placing a benzyl at its end or replacing an H attached to the 
side chain with a Ct^ or NI^, thereby making the product harder to 
hydrolyze (by action of penicillinase) and otherwise providing de- 
sired characteristics not present in the original molecule. 

In this connection, the paper of Schwartz, Malfroy, and Bau- 
me, op . cit . supra , summarizing various papers on inhibition of 
enzymatic cleavage of polypeptides, should be considered. They 
summarize various papers that teach the addition of appropriate 
moieties to inhibit hydrolysis and inactivation of products con- 
taining the peptide sequence I^N-Tyr-Gly-Gly- . . . -C00H. These 
papers suggest N-methylating the Tyr residue to inhibit aminopep- 
tidase hydrolysis and cleavage of the Tyr-Gly amide bond. They 
also suggest amidif ication, esterification , and replacement with 
an alcohol of the C- terminal C00H. In addition, they suggest 
placing a D-aminoacid residue at or toward the C-terminal end or 
inserting such a group (such as D-Ala) between the Tyr and Gly 
residues. Whether these expedients would actually work to inhibit 
enzymatic action and thus improve the in vivo potency of Tyr-Gly 
and Tyr-Gly-Gly as immunoamplif iers is uncertain, given the un- 
predictability of this art. However, it is believed that a 
skilled person would investigate these promising avenues, so that 
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it is within the teaching of this patent to attempt these 
expedients . 

Such further synthetic products or derivatives are considered 
to be within the scope of this disclosure and the invention 
claimed herein. Accordingly, a phrase in. the claims such as "tri- 
peptide material wherein the amino acid residue sequence is Tyr- 
Gly-Gly" is intended to include derivative forms, such as syn- 
thetic derivative forms, of Tyr-Gly-Gly. Such derivatives include 
those described in the preceding paragraph. E.g., derivatives of 
Tyr-Gly-Gly in which replacements such as CH3 or NH 2 for H, or an 
alcohol for a C00H, are made; esters; and extensions of the amino 
acid residue sequence by insertion of a D-aminoacid residue, such 
as D-Ala, thereinto. They also include other derivatives known in 
pharmaceutical art, particularly peptide pharmaceutical art. 

In accordance with the foregoing teachings, the term "inhibi- 
tor, 11 as used in the claims in an phrase such as "to which is 
bound an inhibitor, 11 means a group such as, by way of illustra- 
tion, a methyl used for N-raethylation of a Tyr residue or an amide 
used to amidify a terminal carboxyl, as suggested by Schwartz et 
al. More generally, an inhibitor means any group that can be 
bound to (or inserted into) a polypeptide material at a site where 
its presence will inhibit enzymatic cleavage of the polypeptide. 
As taught by Schwartz et al., esterif icat ion of the terminal car- 
boxyl also inhibits enzymatic cleavage and so does replacement of 
that carboxyl with an alcohol; further, they teach that the inser- 
tion of a D-arainoacid inhibits enzymatic cleavage. Accordingly, 
each of these examples illustrates binding an inhibitor to a poly- 
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peptide material in order to inhibit enzymatic cleavage. In the 
same context, "bound to" is intended to include "inserted into. 
The foregoing examples of inhibitors are intended to be illustra- 
tive, rather than exhaustive. 

Further, an inhibitor can be mixed with a polypeptide to in- 
hibit enzymatic cleavage, instead of binding it to the polypep- 
tide. Schwartz et al. describe various inhibitors that are known 
to inhibit enzymatic cleavage when they are mixed with polypep- 
tides. E.g., bacitracin, puromycin, bestatin, amastatin, and 
thiorphan. However, the inventor at this time believes that bind- 
ing is a preferred embodiment to mixing for in vivo use, because 
of the dilution effect that occurs upon in vivo administration. 
Hence, while an inhibitor can be included in a pharmaceutical com- 
position for this purpose, simply by admixing it, it is considered 
preferable to bind an inhibitor to the active molecule in the com- 
position. 

It is also possible to place Tyr-Gly or Tyr-Gly-Gly in the 
bloodstream or at a site where it can act as a lymphokine, by ad- 
ministering to the animal or human subject a related molecule that 
metabolizes to Tyr-Gly in the body. Schwartz et al. describe how 
a polypeptide may be enzymatically cleaved to moieties, such as 
Tyr-Gly and Tyr-Gly-Gly, ttiat are "inactive" or otherwise "use- 
less" (for the purposes of Schwartz et al. and those whose work 
they describe, who are concerned with opiode peptide effects, and 
not the effects described herein) . They describe how injection of 
Leu- and Met-enkephalin into rats and mice has resulted in the 
production of, among other things, Tyr-Gly and Tyr-Gly-Gly metabo- 
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lites. They suggest that purified angiotensin-convert ing enzyme 
(hereinafter referred to as ACE) and dipeptidylcarboxypeptidase 
(hereinafter referred to as DPCP) can cleave a Gly-Phe amide bond 
in these polypeptides, producing a Tyr-Gly-Gly moiety; and that 
the Gly-Gly amide bond may be cleaved by dipeptidylaminopeptidase , 
producing a Tyr-Gly moiety. They also identify ACE as a form of 
DPCP, and finally conclude that an enzyme designated as "enkepha- 
lin-DPCP" or "ehkephalinase" is the principal enzyme that metabo- 
lizes the polypeptides of interest to them into "inactive" moi- 
eties such as Tyr-Gly and Tyr-Gly-Gly.. Of course, the "inactive 11 
moieties of no interest to those workers are the products of in- 
terest in the instant invention. 

These facts suggest that Tyr-Gly- A-B-C or Tyr-Gly-Gly-D-E-F 
(where A-B-C and D-E-F are other groups such as Phe-Met or Phe- 
Leu) can be administered to a human, mouse, rat, or other mammal 
to produce Tyr-Gly or Tyr-Gly-Gly in the body (once the A-B-C or 
D-E-F is enzymatically cleaved off to leave the moieties of im- 
munological interest). Since this is a known pharmaceutical expe- 
dient, it is considered within the scope of the invention- How- 
ever, it . is not at this time considered a preferred embodiment so 
much as a possible expedient to attempt to avoid the scope of 
claims directed solely to Tyr-Gly and Tyr-Gly-Gly, while at the 
same time appropriating the gist of the invention and the in- 
ventor's teachings. 

The term "small peptide amplifiers" is used in certain claims 
for pharmaceutical compositions. That term is intended to mean 
members of the group consisting of Beta-1.0, Beta-1.1, Beta-1.11, 
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Beta-1.12, and Zeta-2, and complexes thereof with one another. 
Components thereof with intrinsic biological activity have been 
identified, as described hereinabove, as a dipeptide (Tyr-Gly) 
material and a tripeptide (Tyr-Gly-Gly) material, in the case of 
the Beta products. The term is also intended to include synthetic 
modifications of the foregoing intrinsically active amino acid 
residue sequences, as described above in defining the terms dipep- 
tide, tripeptide, and polypeptide materials. For example, N- 
methylated Tyr-Gly would be included as a small peptide amplifier, 
as would Tyr-Gly in which the terminal COOH groiip of the Gly moi- 
ety was either esterified with or replaced by a pharmaceutical^ 
acceptable alcohol such as C2H5OH. 

In the process claims for processes whereby, for example, 
Beta- 1.1 or 1.11 are separated from extraneous material by means 
of an ethanol/water and/or an acetonitrile/trifluoroacetic acid 
system, the claim is written in the "Jepson" format, thereby im- 
proving clarity and permitting brevity in the description of what 
is claimed. Use of that format is not intended to imply that the 
subject matter in the preamble of the claim was old at the time of 
the invention. 
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The following subject matter is claimed: 

1. A composition of matter that is characterized 
by the properties that it: 

(a) increases the speed, magnitude, or dura- 
tion of a response of the immune system of a human 
body, where said response: 

(1) is to the introduction to said 
body of at least one antigen. to which 
said body has been previously or is con- 
currently exposed , 

(2) is specifically attributable to 
a function of the human immune system, 
and 

(3) occurs following said introduc- 
tion of said antigen; 

(b) is substantially free of other, different 
material that has an effect on said immune system 
response opposite to the effect of said composition 
of matter on said response; 

(c) is substantially free of substances that 
transfer an antigen-specific immune system response 
to an antigen to which said body has not been pre- 
viously exposed and is not concurrently exposed; 

(d) consists essentially of polypeptide mate- 
rials having an average molecular weight greater 
than approximately 200 and lower than approximately 
1500; 

(e) is O.S. elutable with an acetonitrile-in- 
aqueous-phosphate-solution gradient; and 

(f) is substantially free from pharmaceutic- 
al^ unacceptable constituents. . 

2. A polypeptide material of claim 1 having mole- 
cules containing no more than six peptide groups. 

3. A material of claim 2 that is a dipeptide 
material containing Tyr-Gly as the only amino acid resi- 
due sequence. 
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4, A material of claim 2 that is a tripeptide 
material containing Tyr-Gly-Gly as the only amino acid 
residue sequence. 

5. A material of claim 3 or claim 4 wherein the 
Tyr residue is N-methylated- 

6.. A material of claim 3 or claim 4 wherein the 
carboxyl group at the C-terminal end of the amino acid 
residue sequence is amidified or estertfied. 

7. A polypeptide material of claim 2 containing a 
D-aminoacid residue at a position other than at the N- 
terminal end of the amino acid residue sequence. 

8. A polypeptide material of claim 2 to which is 
bound an inhibitor. 

9. A polypeptide material of claim 2 wherein at 
least two polypeptide materials are complexed; each said 
material has no more than three amino acid residues; and 
said complex includes at least one metallic ion selected 
from the group consisting of: Zn++, Ca++, Mg++, Mn++, 
and Fe++. 

10. A polypeptide material of claim 2, character- 
ized further by the additional limitations that said 
aqueous -phosphate solution is approximately 0.02 M phos- 
phate, the pH thereof is adjusted to approximately 5, 
and the acetonitrile input concentration of said gra- 
dient includes at least the range from approximately 
slightly above OX to approximately 15%. 

11. A polypeptide material of claim 10 character- 
ized further by the additional additional limitations 
that said, material: 

(a) is primarily O.S. elutable in the por- 
tions of said gradient where the effluent has an 
acetonitrile concentration between approximately 
0.2% and approximately 1.5%; is substantially not 
O.S. elutable in the portions of said gradient 
where the effluent has an acetonitrile concentra- 
tion below approximately 0.2%; is largely free from 
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material O.S. elutable in the portions of said gra- 
dient where the effluent has an acetonitrile con- 
centration below approximately 0.2%; and is largely 
free from material O.S. elutable primarily, when 
said gradient is of monotonically increasing aceto- 
nitrile concentration, in the portions of said gra- 
dient where the effluent has an acetonitrile con- 
centration greater than approximately 1.5%; 

(b) is also O.S. elutable with an ACTF 0.1% 
gradient; is primarily O.S. elutable in the por- 
tions of said ACTF gradient where the effluent has 
an acetonitrile concentration between approximately 
11.8% and approximately 14.8%; is substantially not 
O.S. elutable in the portions of said gradient 
where the effluent has an acetonitrile concentra- 
tion below approximately 11.8%; is largely free 
from material O.S. elutable in the portions of said 
gradient where the effluent has an acetonitrile 
concentration below approximately 11.8%; and is 
largely free from material O.S. elutable primarily, 
when said gradient is of monotonically increasing 
acetonitrile concentration, in the portions of said 
gradient where the effluent has an acetonitrile 
concentration greater than approximately 14.8%; and 

(c) is also O.S. elutable with an ethanol-in- 
water gradient including at least the range of in- 
put ethanol concentration from below approximately 
0.1% to above approximately 10%; is primarily O.S. 
elutable in the portions of said ethanol-in-water 
gradient where the effluent has an ethanol concen- 
tration between approximately 0.1% and approxi- 
mately 0.4%; is substantially not O.S. elutable in 
the portions of said gradient where the effluent 
has an ethanol concentration below approximately * 
0.1%; is largely free from material O.S. elutable 
in the portions of said gradient where the effluent 
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has an ethanol concentration below approximately 
0.4%; and is largely free from material O.S. eluta- 
ble primarily, when said gradient is of monotoni- 
cally increasing ethanol concentration, in the por- 
tions of said gradient where the effluent has an 
ethanol concentration greater than approximately 
0,4% — 

said further limited material of this claim being here- 
inafter designated "Beta-1.1." 

12. A material of claim 11 further characterized 
by the additional limitations that said material: 

(a) is also O.S. elutable in an ACTF 0.05% 
gradient; 

(b) elutes from said gradient in approxi- 
mately the middle of the input range from 10% to 
20% acetonitrile concentration; 

(c) consists of dipeptide material wherein 
Tyr-Gly is the only amino acid residue sequence; 
and 

(d) has a UVAP with reference to said gra- 
dient and 210 nm of being approximately the fourth 
sharp, narrow, distinct peak -- 

said material being hereinafter designated "Beta-l.ll." 

13. A material of claim 11 further characterized 
by the additional limitations that said material: 

(a) is O.S. elutable in an ACTF 0.05% gra- 
dient; 

(b) elutes from said gradient in approxi- 
mately the first third of the input range from 10% 
to 20% acetonitrile concentration; 

(c) consists of tripeptide material wherein 
Tyr-Gly-Gly is the only amino acid residue se- 
quence ; and 

(d) has a UVAP with reference to said gradi- 
ent and 210 nm of being approximately the third 
sharp, narrow, distinct peak -- 

said material being hereinafter designated "Beta-l. 12. 11 
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14. A polypeptide material of claim 1 packaged in 
a pharmaceutical^ acceptable vehicle and in an effect- 
ive dosage amount, whereby a pharmaceutical composition 
is provided. 

15. The pharmaceutical composition of claim 14 
wherein said polypeptide material includes at least one 
small peptide amplifier. 

16. The pharmaceutical composition of claim 14 
wherein there is added an effective amount of an antigen 
or pathogen, thereby providing a vaccine composition. 

17. The pharmaceutical composition of claim 14 
wherein there is added an effective amount of a diagnos- 
tic antigen or pathogen, thereby providing a composition 
for diagnosing prior exposure to said antigen or patho- 
gen. 

18. A method of amplifying the immune response of 
a person to the introduction of antigen to which said 
person has previously been exposed or is concurrently 
exposed, comprising administering to said person a poly- 
peptide material of claim 1, in an effective dosage 
amount and in a pharamaceutically acceptable vehicle. 

19. The method of claim 18 wherein said polypep- 
tide material includes at least one small peptide am- 
plifier. 

20. The method of claim 18 wherein said person has 
an immune deficiency disease or hypoimraune condition. 

21. The method of claim 20 where said disease is 
AIDS or ARC. 

22. The method of claim 20 wherein said disease is 
associated with a defect in T-helper cell function. 

23. The method of claim 20 wherein said person is 
also given a transfusion containing T-helper cells.. 

24. The method of claim 18 wherein said dosage is 
administered to said person via a skin pad at a skin 
site on said person. 
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25. A method for Increasing a cell-mediated immune 
system function of a human or mammallian subject, com- 
prising administering to said subject an effective dos- 
age amount of a pharmaceutical composition containing a 
polypeptide material containing at least one molecular 
species wherein a Tyr-Gly amino acid residue sequence 
occurs . 

26. The method of claim 25 wherein the Tyr residue 
is at the N-terminal end of an amino acid residue se- 
quence . 

27. The method of claim 26 wherein said Tyr resi- 
due is N-methylated . 

28. The method of claim 25 wherein said molecular 
species contains a D-aminoacid residue inserted at a 
location other than at the N-terminal end of the amino 
acid residue sequence, and where said location is one 
where there is a peptide bond that, in the absence of 
said D-aminoacid residue, is susceptible to cleavage by 
action of an enzyme present in the body of said subject. 

29. The method of claim 25 wherein an amino acid 
residue in said molecular species is methylated or amid- 
ified at a location where there is a peptide bond that, 
in the absence of said methylation or amidif ication , is 
susceptible to cleavage by action of an enzyme present 
in the body of said subject. 

30. The method of claim 25 wherein said polypep- 
tide material contains at least one of the following ma- 
terials: Tyr-Gly material and Tyr-Gly-Gly material. 

31. The method of claim 25 wherein said molecular 
species metabolizes in vivo to a Tyr-Gly material or a 
Tyr-Gly-Gly material. 

32. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and an effective 
dosage amount of Tyr-Gly, Tyr-Gly-Gly, or a pharmaceuti- 
cally acceptable derivative thereof, free of pharmaceu- 
tically unacceptable constituents. 
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33. A pharmaceutical composition comprising a 
pharmaceutical]^ acceptable carrier and an effective 
dosage amount of a pharmaceutically acceptable material 
that metabolizes in vivo to a Tyr-Gly material or a Tyr- 
Gly-Gly material. 

34. In a process for purifying Beta material 
wherein a HPLC column containing a starter Beta material 
preparation is eluted with a gradient of acetonitrile in 
dilute aqueous phosphate solution, thereby producing a 
partially purified amplifier material, wherein said 
partially purified amplifier material is subjected to 
further HPLC with an ethanol^in-water gradient, thereby 
producing a further purified amplifier material substan- 
tially free of phenylalanine previously associated 
therewith, the improvement comprising subjecting said 
further purified material to the following further HPLC 
steps: 

(1) applying said further purified material 
to a reverse-phase HPLC column, packed with octa- 
decylsilane; 

(2) eluting said column with an acetonitrile- 
in-aqueous-trifluoroacetic-acid gradient that in- 
cludes the input range from below approximately 10% 
acetonitrile concentration to above approximately 
20% and wherein said trif luoroacetic acid concen- 
tration is approximately 0.05% (approximate PH 
2.5), thereby producing a plurality of further ef- 
fluent-fractions ; 

(3) monitoring the UV absorbance of the ef- 
fluent from said column in the zone of approxi- 
mately 210 nm; and 

(4) selecting predetermined further effluent- 
fractions and collecting them. 

35. The process of claim 34 wherein said further 
effluent fractions that are selected and collected are 
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ones associated with a sharp, narrow, distinct peak that 
is approximately the fourth peak. 

36. The process of claim 34 wherein said further 
effluent fractions that are selected and collected are 
ones associated with a sharp, narrow, distinct peak that 
is approximately the third peak. 

37. The process of claim 34 wherein said column 
has been calibrated for retention time by passing 
therethrough a material known to be Tyr-Gly-Gly mate- 
rial; said retention time of said material has been thus 
determined; and said retention time is subsequently 
utilized, when using said column, to provide an indica- 
tion that said predetermined further effluent fractions 
are about to elute. 

38. The process of claim 34 wherein labelled Tyr- 
Gly-Gly material is passed through the column to provide 
an indication that said predetermined further effluent 
fractions are about to elute. 

39. A diagnostic reagent article for testing per- 
sons for exposure to tuberculosis bacteria, comprising a 
vial- containing an effective dosage amount of tuberculin 
in a pharmaceutically acceptable liquid carrier,* and an 
effective dosage amount of a pharmaceutical composition 
containing Tyr-Gly, Tyr-Gly-Gly, or a derivative 
thereof. 
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FIG. 1 
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Iml/min 0.32 A = Full scale 




34 32 30 28 26 2k 22 20 18 16 U 12 10 8 6 i 2 0 

MINUTES 



8/18/06, EAST Version: 2.1.0.14 



0 230 052 

2/8 \ 




< 
IL. 



8/18/06, EAST Version: 2.1.0.14 



3/8 



FIG. IB 
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FIG. 1C 
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FIG. 2 
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FIG. 2A 
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FIG. 2B 
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FIG. 3 
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